DOCtmEHT BE^QE 



ED 112 632 

AOTHOB 
TITLE 

mSTlTOTION 
SPONS AGENCY 

PDB DATE \ 
NOTE 



EC 



060 



218 



Brandwein^ Paul F. . \ • ^ 

Teaching Gifted Childi;en Science in Sr^des Seven • 
Through Twelve^ 

California State Dept. of Educatip.n^ Sacraiaento. 
Bureau of Elementary and Secondary Education^ - 
(DHEH/OE) r Hashington.-QiC* ^ 
75 . • 

58p.; Fof related inf oroationr see EC 050 876^ EC 050 
877^ EC 050 878r EC 051 ^99^ EC052 456^ EC 052 631^ 



EC 
EC 



052 
070 



632, EC 

973^ and 



060 220, EC 
EC 061 312 



061 311, EC 070 972, and 



^ EDES PBICE 
DESCEIPTOES 



8f^$0,76 HC-$3.32 Plus Postage 

'•'Curriculum Developmeot; Exceptional Child Education; 
♦Gifted; *Independent Study; Individual 
Characteristics; *Sciences^ Secondary Education; • 
Skijl Development; Teacher Eole; *Teachibg Guides 

ABSTEACT * 
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curriculum development ^jxQl science instruction for gifted students in 
grades 7-*12« Discussed in the introductory chapter is creation of a , 
school environment that fo$t<^rs i^kills of interdependence 
(Communication with other scientists) as well **as independent inguiry^ 
Chapter 2 deals with characteristics and identif icaliion of gifted - 
secondary • students, the teacher's role in stimulating scientific 
interest, diffexenq<es between conventional an^d singiilar giftjedntbss^ 
and the functions of the lectui^e arid invesjtigative approaches. Among 
the topics explored in a chapter oiji curricular strategics are types 
of curricula (such as th^ learning ^activity package or LAP program), 
a conceptually based curriculum, atid instructio.n in investigative 
arts, A final chapter focuses on indep€tidenc% training, designing and 
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Foreword. 



California public schools are making great efforts to provide equal 
educational opportunities for all children. The schools are accom- 
, plishing this by ensuring that every child is given the opportunity to 
profit to the full extent of hin ability. Such cm accomplishment 
becomes possible only when the educational program of the schools 
is diverse and flexible enougli to meet the needs of every individual. 

Tlie State Department of Education has conducted a project to 
develop adequate guides and other instructional materials for 
teaching mentally gifted students^, Tliis publication is one of a seri(» 
from that project. ^ ' 

Teaching Gifted Children Science in Grades Seven Through Twelve 
contains information that may be used by consultants, administra- 
tors, teaehfrs, and other professional personnel who are working 
with gifted cliildren. / . 

It is my hope and belief that this publication, designed especially 
for use in the teaeliing of the mentally gifted, will be most useful to 
teachers in tlieir efforts to challenge mentally gifted students in 
science. 




Superintendent of Public Instruction 
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Preface 



Teaching Gifted Children Science in Grades Seven Through Twelve 
was planned and completed as part of a project under provisions of 
the Elementary and Secondary Education Act, Title V. Jt is intended 
to be used as a guide by administrative and consultative personnel. 

Tliis project included the (}evelopment of a series of curriculum 
materials under the direction of Mary N. Meeker, Associate Professor 
of Education, and James Magary, Associate Professor of Educational 
Psychology, botli of the University of Soutliern California. 

Tlie federal fun^. provided by this Title V project also made 
l>ossible the publicawQ of a series of curriculum guides for use by 
teachers of the mentally gifted in grades one tlirough tliree, four 
through six, seven tlirough nine, and ten through twelve. Tlie guides 
were prepared u^der tiie direction of John C. Gowan, Professor of 
\ Education, antt Joyce Sonntag, Assistant Professor of Education, 
^J)oth:of California State University, Nortliridge. 

The Elementary arid Secondary Education Act, Title V, project, 
t*Cuniculum Evaluation and Development for Mentally Gifted 
Minors,** was conducted during the 1968-69 fiscal year. 

WILLIAM U. WEBSTER ^ SIEG E^FKEN 




Deputy Superintendent 



> Manaf^er, (lifted and 
Talented liducation 
Management Team 



PAUL plowman 



Consultant in Education 
of the Mentally (Hfted; and 
Principal Project Coordinator 



ERIC 



V 



0 

If 



• > 

Contents 

Foreword iii ♦ 

Preface . t , v 

\ * • 

1. Introduction *?v. 1 

Syils of Interdependence 1 

Skills of Independence , 2 

Stchool Environment ' : 3 

2. The Gifted in Jupior and Senior High School \ 7 

Characteristics of the Gifted 7 

Identification of the Giftetd ^ . , / 8 

Influence of the Teacher ^ 9 

Conventional Versus Singular Giftedness « 11 

Lecture m the C^ted Curriculum 13 

3. Curricular Strategies ,....,♦./ , 17 

Types of Curricula for the Gifted 1 7 

Conceptual Basis for the Curriculum 20 

Qirriculum Development for Junior Higli School 23 

Instruction in the Arts of Investigation 25 

Prototype for a Conceptually Stnictured Curriculum 29 

4. Development of Independence f 31 

Background for Creativity > 31 

' Independence Training in Junior High School 32 

Curriculum for Junior Higli School . 35 

Senior Higli School Science Curricula 43 

, Epilogue 51 

Selected References 53 



ERIC 




Chapter 1 



Introduction 

The gifted arc in a sense originals, one and only, tlie mold made 
and broken, fulfilling their powers in the pursuit of exitllence. Tliey 
do what they do because they must. When at last tliey have learned 
to "stand on' the shoulders of others," they may go too far ih tlieir 
private field of excellence so that otliers may go far enougli^far ^ 
enougli in the interests of civilization. And when they have t^tesft- 
upon themselves tlie variety of the disciplines of science and its 
methods of intelligence as well, they are still idiosyncratic; it is their 
powers they must fulfill; their excellence is private. 

The concern of tliis pubjication is with engineering an environ- 
ment for the gifted, an environment that encourages diversity in a 
broad swath of excellence. To be dealt with is the special kind of 
"lit^rty and justice" the gifted require, even as they share the 
\arieties of liberty and justice in conmion with all cliildren, with all 
the young. The focus of study is on a kind of liberty in learning, that 
idiosyncratic behavior so characteristic of tlie young who may 
commit their gifts to science. Tlie s'tudy also embodies that hliman ^^^^ 
activity known as science, to examine how it enables those with- 
special gifts to meld these gifts With opportumly and destination. To 
ennoble as well as enable is the goal at hand. 

Skills of Interdependence 

* ' In developing skills of interdependence, the gifted encounter the 
curriculum as a means of reducing random experience, without 
reducing opportunity for the creative act. In this process are involved 
the factors of instruction, instructed learning, and systematic inquiry 
that lead to the self-identification and continued developnj'ent of the 
gifted. Even though individual, independcint ^ creativity is very ' 
important, there is no assumption that thfi gifted are apart from tlie 
legacies of science. Scientists know their dependence on and - 
interdependence with scientists now alive and of the past.' To exist, 
science depends on free communication with other scientists; science 
exists best in an envkonment in which individuals have the freedom 
to tliink; to innovate, to pursue their own excellencejn fulfillment of 
their powers, and to fail intelligentlV in^their search for the liidden 
likenesses in nature. 



Hie curriculum as platform and matrix, as enhancing the group 
and the uidividual, and as a base for creativity is tlie concern in 
developing skills of interdependence. In effect, the gifted cliild must 
live a kind of apprenticesliip. before bemg cast out into the warm but 
demanding worid of independent study, the latter (for primajy 
cliildren at least) under fhe healing eye pf a teacher. To be 
considered are concepts ahd content, with tlie curriculum beiog 
viewed as a continuum that ' makes . room for all varieties of 
excellence. And, of course, the currjculum is viewed out of particular 
concern with the '^gifted. Tliese considerations are based on the 
awareness tliat^ the cliild, beginning/ln liis adolescent years, has 
already begun to make choices in ciireer. 

Nevertlieless, the gifted are not to be ejicluded from the 
comnion experience. For, if^tl;iey are, they may not form ix 
common ^bond^f sympathy so necessary -ui an open ^society. The 
work of tlie^gifttrd-as an adult is *^supported by all; he musi be 
understoodT "Further, a fundam^ntql skill of tlie scholar Imd.tlie 
scientist is liis uses of interdependence. * • ' \ 

But the skilllof interdependence are only a base for the true work 
of the gifted r indjjpendent studyv For the gifted, *the junior- and 
senior-liigli-^chool years may well be the years for personal testing of 
their ability to' maintain independent study and inquiry. 

Skills of fndependence I 

In the curricular nibdel to be presented is developed particularly 
the cdse of the idipsyncratic cliild. Dealt with are the fulfilhirent of 
fantasy and the encouragement of the probe and the quest J N 
variety of metliods < and techniques is ' designed to create an 
environment m whidi the gifted fiUfill tliemselves coming out of thfe 
special seeking (concept seekm^), which j(s the art of irtvestigatiori 
Science is a verb masquerading as. a noimi^ii is an active verb, "to sci- 
ence." Gifted children often have mdividual life-styles in "sciencingr 

Over the years of science education in the public schools, tile 
curriculum model seeks to engineer for the gifted a curricular cjevile 
that will give" relative emphasis to interdependence in its 'meshing 
with independence (Figure 1 ). * , , * i 

The curricula for the four grade areas (grades one through three, 
four through six, seven through eight, and nine through twelve) 
together offer suggestions for engineering an interlocking and 
sequential program for the gifted. Taken alone, each curriculum djoes 



*Paul F. BrandwcJn. The GifteW Student as Future Scientist The High School StMent 
and Hh Commitment to Sdence. New York: Harcourl Brace Jovanovich, Incu 1955. pp. 
lO-ll. ' ^ 
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FHi, 1. Rtlaiivt orovrth of iha fifttd In SmkiptfKJtnw and Inttrtl^^ 

not fulfill th^ purposes of a program for the gifted. A program for 
the gifted should be continuous and ifiterlocking so that the students 
wUl not be lost along the way. The curricular bonds are not coercive, 
.for the teacher of the pfted must be free to develop a pro-am that 
is effective and idiosyncratic in its own right, 

* 

School Environment 

Several assumptions should be made relating to the curriculum and 
tlie environment of the school as they affect the developed aptitudes 
of the gifted Child. By developed aptitudes is meant the knowledges, 
skills, and attitudes developed as a result of continued growth in the 
total edueatiojial envkonment, including home, school, and commu- 
nity. Those developed aptitudes in science of concern are mainly in 
the area of developing the skills of interdependence that come out of 
the habits gained in independent study, as well as in developing the 
' skills, attitudes, and knowledges useful in the arts of investigation. 
Assumptions that should be made regarding the curriculum Include 
tlie following: \ • 

' 1 . Opportunities for eiirly identification of childrejfi gifted in 
science (those who are potential investigators) will occur best in 
those communities in wliich the schools make op|)ortunities for 
independent work early in the school years; /tliat is, in the 
A elementary school. However, this should m an articulated 

■ lO- / 



program continuing through the high school. For this reason, it 
is well that liigh-school science; teachers should serve as 
consultants to the elementary school. ' 

2. Where there is a broad approach to the cuiriculum. the better 
will be the environment required for the full bloom of the 

• developed aptitudes that characterize potential investigators in 
^^science. (Underlying this assumption is the^acceptance of still 
atiother assumption: that to become an investigator in and a 
contributor to science requires a certain level of "singular 
giftedness.") 

A broad approach to curriculum disqualifies the conception 
of a curriculum as equivalent to the course of study; Thus, a 
course in physics per se is not the curriculum in physics. The 
curriculum consists of all 'the activities in which teachers and 
students (and, where po<«ible, the commuhity) take part in 
fulfillment of their purpose. Thus, a science club, individual 
investigation in a univpisify^ hospital under supervision of a 
recognized authority/a lecture by a visiting scientist, and a 
science fair (if it is -done wellO are all part of the curriculum. 

3. The more nearly the pattern of tlie school encourages and 
rewards individual responsibility for personal behavior and 
stimulates development of independent study, the greater will 
be the opportunity for the formation of developed aptitudes of 
the potential investigator. The pattern of the school is charac- 
teristic oC the tone of the school. As the result of a^ 
long-sustain^ investigation, the following have been noted as 
being generally characteristic -of a desirable school pattern : 

. u At least one teacher in the depiirtnicnt waa a rAholar in the lield; he 
maintuined ^.liolarship through advanced university courf.cs. or .work 
toward a degree, or research, or serious reading. He alst^ had the energy 
and the desire to woTk with individual students. 

b. The guidance program tended to give einphasifi to individual interviews 
and. wherO possible. t(T individual lc*5fling (alter group tests have been 
given). Also, it was generally true that the home^room and science 
teachers would function as counsellors as well, in the specific area ot 
the coilxse ol studies. , 

c. Therp^ was clear emphasis on intellectual attainment as the prime 
objective of the school: scholarship did not take second place to sports. 

^But physical fitness was held as one ol the prime goals for alL 

d. The curriculum was up to date;, experimentation with the "newer'* 
curriculums was going («i in at least one "experimcntar* class. 

e. In the laboratory the leaning was toward individual rather- than group 
work. Di^monstr^ftions by the teacher did not rob students of the right 
to discovery. - 

1 f 



f. There was an cmphasiyon problem-solving in acUlftiun lo the iradilional 
problem^doing. (Opc/alionally: Problem siping implies that the colu- 
lion to the problem is deferred over a rclaUvely long period; It may not 
be in a readily availabH? reference, or il may not yel be published. 
Problem^solving implies originali^. In problem doing, the ci)lulion is lo 
be experienced within a reasoilible, predicled period, say will\in a 
laboralory period or perhaps during ihe period assigned lo homework.) 

g. Tlie teaclUng patlern, Ihc curriculum, the kinds of inslruclioiial 
malcrials all lended to siress conceplual schemes antf.concepls rather 
lhan memorization and ret;alln)nKleinand Books .were choscii^f^or iheir 
tendency to ofganizd content around major concepts. The texts thrit 
organized their content around an anthohjgy of topics were not in 
favor. 

h. The administration was sympatjictic to science and to individual 
• investigation; funds and space were made available without sacrifice of 

other parts of tJie program. At the same tune, the administrators and 
supervisors tended not to be laisscV-faire in their altitudes towards the 
science program; they showed active interest and took an active part in 
"planning,^ 

^Tliese assumptions imply another assumption: the greatest possi- 
bfe amount of freedom is permitted students, consistent with the 
ideas of competence and comparison, with health in mind and body, 
and with insight into the skills of interdependence and independence. 



r 



^Paul I'. Urandwcin and OlliCfJ, Tcaihing High School Biniogv A (iutdc to Working 
with Potential Biologists. UioloKical Sticnccq Cufflculum Sludy UuUciin No. 2. Wa^ilunglnn, 
D,C. American Instllulc of Uiolo^ltal Stlcnec^ 1962, p. 47. Hcpftnlcd by pcrnuo<stnnMjf (ho 
pubtHficr. ' . * 
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Chapter 2 X 

The Gifted* in Junior 
and Senior High Sdtool 

The gifted chiid is a questing child. He is the idip^^ratic, perhaps 
the scientist of the future who travels his own road frmn prgapism to 
person and becomes at last , an originator, .^a contribflW, and an 
innovator, because helnust. At ages nine to ten,4eachers\eed not 
judge who is ajjd who is not gifted. By the junior- and senio^gh- 
school years, ^e contributors (the singularly gifted) who will aa4 to 
knowledge will generally have identified themselves. \ 

Characferistics of the Gifted 

•t \ - . . . 

In junior and senior high school, the children who were identified 
as gifted, in the elementary school years might be said to be more 
quiet, more reflective, and more inward looking as compared with 
the liolm. oThey are also characterised by questing, which i^ 
discontent with explanations of the way the world of objects and 
r ifevents works, and by a disposition to cominitment.^ 

Below is a list of trail;^. characteristic of children gifted in science 
• ^ in elementary school, mese traits are also characteristic of gifted 
children in hi^ school. While no one child possesses all these traits, 
the possession of several ihay indicate a potential in science. This is 
Rarticularly true if their possession correlates with better-than- 
average number skills and with high physiologic vigor. 

A Checklist for Identifying Gifted Children in Science ' ^ 

^ ^ Interest in science during the pre-school years. 
Curiosity as to what makes things work. 
Ability to understand abstract ideas dt an early age. 
Strong imagination in things scientific. ' • 

A'love ofcoUecting.! 

' Abundance of drive-willingness to work on a science project for long periods 
of time in the face of difficult obstacles. 
, Better-than-average ability in reading 

Bctter-thah-average^bility in mathematics. 
^ Unusual ability to^i^alize ideas aoout science. 
J, Highintelligenc/hQ. ofl20 ormore. 

Tendency to think quantitatively-to use numbers to help express ideas. 

^ ^Anne Roe, The Making of a Scientist. ,New York: Podd, Mead and Co., 1953, pp« 
237-8. 
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Willingness to master the names of scientific objects. 
Willingness to pass up ^sports and oth^r games in fayor of scientific pursuits. 
Tendency to relate stores about science, including the writing of iqience 
fiction. > 

, Creativity in science projects,4nbluding writing. ^ / 

Evident discontent with reasons which other children readily accept for 

thpgs scientific. ; . 
Unwillingness t^ccept explanations about things scientific^ without proof - 
Exceptional memory for ^details. 
Willingness to spend long periods of time working alone. 
Ability to generalize from seemihgly unrelated details. 
Ability to perceive relationship among the various elements in a situation? 

As 01e gtfl;ed-^iild approaches the junior-high-school years, the 
tendency to oe open to^experience is characteristic of the singularly- 
©fted. In the high-school years, the tendency to be opqn to 

:;-^^perience remains particularly characteristic of the singularly gifted. 
hr studies of high-school students, it has been found that gifted 

^- students have a wide variety pf interests, an enormously varied 
repertoire of tools and activities, a tendency ^to eipbraee a variety of 
hobbies, and, above all, an ability to maintain aii'interest in science 
(as shown by hobbies, reading, and projects) oyer the elementary and 
junior-high-school years. Other boys and girls show interest in ^ 
science, but this is jan interest coming out of the pressure of a culture" 
that is science oriented; these are passing interests thit are riot 
sustained^^ 

In tb6 junior- and senior-high-school years, three of the identify inj 
characteristics ctf the gifted in science are the following 

"f. Sustained interest in ^i^ce as shown by hobbies and contmued 
work ' 

2. Response to invitation to join a science club thatt jtt^ets after 
schoQl 

3. A choice of three or more projects from a list of twenty * 

Identification of the Gifted " . 

What seems clear is that in the primary years, identification'o'f the 
gifted in science per se and their selection is a function of their 
interest in science and their continued activity over a span of years in 

J. Stanley Marshall, "Science in the "Elementary School," in Curriculum Planning for 
the Gifted, Edited by Louis A. Fliegler. Engtewood Cliffs, N.J.: Prentice-Hall, 4nc.. 1961, p. 
ISTt-f^printed by permission^of the publisher. 

a ^Paul F. Brandwein, *The Selection and Training of Future Scientists," The Scientific 

Monthly, LXIV (March, 1947), 247-52. See also Paul F. Brandwein, The Gifted Student as 
Future Scientist: The High School Student and His Commitment to Science. New York; 
Harcourt Brace Jovanovich, Inc^, 1955, pp« 54-8. 
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the^afea. One may easily def^r final 'idefltification of thfe gifted to 
later; yeiu^ (certainly to grades five and six, if .not to the 
junior-high-school yeirs),' if only bjecause the children dp rerriain in 
school. -pe emphasis in the primary and middle years is^notso much 
then on their selection as on the mode and manner of instruction 
that ^enable science-prof^e qhildren fo sustain their dnive and interest. 

In* describing children in the primary (grades on6 'through three) 
and middle years (^ades four through six),' the term "science prone" 
sijiould be^ dsed rather ihaik,"gifted in science." ^For the gifted in 
science are identified not mainly by high IQ (whether 130 or higher), 
but by their remarkable* achievement; that is, by deeds,* not ^by ^ 
promise. In Tact, achievement (usually, but not always, coupled with 
high IQ) presages promise. In the elementary school, the concern, ' 
then, is with the curriculum, methods, and'inaterials (in short, the 
school environment) that sustain the sgience prone. 

Influence of the teacher 

By the junior-high-schooLyears, and with gtreater sureness by the 
junior year of high school, the record of 1 achievement (in the / 
cumulative record) will begin to shqw whether the child is tending 
towards conventional or singular giftedness. In the junior-high-school 
years, the child is ieginniiig to probe into career choice. This 
becomes a particularly keen search in the high-school years. The 
teacher,, who is the key figure in fostering giftedness, begins to take 
on increasing significance. It also seems to be observable that 
children with singular giftedness profit from teachers who priza 
singular ^ftedness; i.e., teachers who are not uncomfortable in the 
face of idiosyncratic behavior. 

^ While the term "conventional giftedness" designates that syn-t^ 
dfome of activity that is characterized by high IQ (130 or so), it also 
indicates that the child depends highl:?*on the teacher's constant 
advice and approval. The tendency of the child is not to take risks, 
projects are done (with a conclusion vouchsafed) rather than 
experiments (in which there is risk). In conventional giftedness, the 
child courts success. It is perhaps possible for the teacher to develop 
such a child's ego strength suf/iciently (as shown in independent 
activity that courts risk) so that the child begins to lean tQwards 
activities that characterize singular giftedness. , 

The child who is singularly gifted usually has high IQ (130 or 
more) but may not reach that level. However, he or she may be 
highly innovative and creative and undertake work that is truly 
experimental in nature. Children who are singularly gifted often take 
tlje innovative "leap in the dark." They are the ones 0f the bold 
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hypothesis. Nevertheless, they are ^ell put together intellecti]ally, 
physically, and emotionally. Furthermore, they are beginning to give 
some clues about their idiosyncratic life-style. 

With these and other guides, which come out of ^personal,, 
observation of the gifted, the teacher can plan more jsffectively the' 
kind of program suggested for the intermediate years-a program 
based on progressively ^ personal and independent work. In tRe 
intermediate years (grades four through six), the teacher in such a 
program takes on more and more the behavior and attitude of a 
guide, rather than guardian, of the archives. The teacher orchestrates 
what is called a Leamihg Activity Package. 

In this environment, the teacher is the key, for the teaching 
environment is crucial to ^ the display of the traits of the gifted. 
Without an environment that sustains the singularly gifted, the child 
may become that pitiful tensor of the school known as a problem. 
Some of the more frequently noted attitudes and traits of teachers., 
who aid rather than hinder creativity include the following: 

1. Realize skills, information, • ^ll' rich experiences are the texture~the 
"mulch/' the "stuff'-from^vhich creativity develops. 

2. Provide a focus ajjTlhe se^ch fox answers and do not expect "right answers." 
" In other words, the process of search is valued, welcomed, and rewarded. 

3. Help children dare to be themselves through providing a classroom 
atniosph^e free from prematura external evaluation of the creator. 

i4. Are willing \o keep "hands off and are willing not to judge and not to 
I always teach with a large T. 

*5. Are themselves interested in continuing to develop their own creative 
I potentials.* 

In a study of the chiiracteristics of 82 teachers who had. inspired 
boys and girls tcl comniit themselves to a Q:areer in science^ it was 
found that more thaiji 90 ,pefcent of the teachers had these 
characteristics: i \^ 



. 1. Coppetence in the field of sqience (more than 90 percent had a 
master's degree Jn science^ in addition to^ required work in 
education) - . 

2. Had published at least one paper in science onin education 

3. High physiologic vigor " v „ 

4. Decisive in manner (firm but not coercive or authoritarian) 

5. Father or mother surrogate'' 



X^MarccUa R. Bonsall, "Current School Progra'ms for Developing Creativity,", in 
'£dU€aifffg the Gifted: A Book of Readings. Edited by Joseph L. Trench. New York: Holt, 
Rindli^t and Winston, Inc., 1964, p. 451. 

''Pauh^^. Brandweln, The Gifted Student <is Future Scientist: The High School Student and 
His Comrmtment to Science. *^cw York: Harcourt Brace Jovatiovich. Inc.; 1955. pp. .65-8. 




Similar cjiaracteristics have been noted of science teachers at the 
college level.® Of course, subject-matter competence is a sine" qua 
non at .college, but not all teachers, not even the majority of 
teachers, with subject-matter competence are found among the l^ey 
figures who can work with and stimulate the gifted to devote 
themselves to a career in science. 

Investigations of the career commitments of the gifted in science 
'^clearly indicate that a key figufc^,was significant in thek choice of a 
career in science. The prime period of influence of this key figure has 
been found to occur in the early years of the gifted child, in the 
junior- and, senior-high-school years, rtainly in the former.^ 

Of course, the experienced observer will note that the preceding is 
really a description of the characteristics of the good teacher of 
science. But the term "teacher" describes quite a different person 
from the term "instructor." An instructor is ft^hrge as his subject, 
arid this perhaps is honor enough. But a tether is not only 
competent in his subject but is larger than life» His students see him 
as model and goal. The teacher knows tik meanings* of botli 
comtoetence and compassion. The teacher not only stimulates liis 
studelitSi^to go far and deep into the subject,"1)ut to go as far as they 
can in self-fulfillment.*® ^ 

Conventional Versu^s Singular Giftedness 

At one time, the National Manpower Council could maintain that 
lialf of the persons with an Army General Classification Test (AGCT) 
score of 120 or liigher do not enter college and that only about 
one-tliird with scores 120 or above graduate from college. Further, 
the Council has declared that. "An AGCT scorc^tj^T l 20 is certainly 
liigh enougli to justify using it as a miriiiriunf for^stimating the 
niimber of individuals capable of college work."** In other words, 
half the number of gifted students enrolled in high school were not 
.sufficiently convinced that they should, nurture then: gifts. A report 



^Robcrt^H. Knapp and Hubert B. Goodrich, Origins of American Scientists: A Study 
" Made Under the Direction of a Committee of the Faculty of Wesleyan University. Chicago: 
University of Qiicago Press, 1952, pp. 266-7. 

^Stephen S. Vishcr, "Starred Scientists: A Study of Their Ages," American Scientist, 
XXXV (October, 1947), 543. See also Paul I'. Brandwein, The Gifted Student as thiture 
' Scientist: The High Scfwol Student and His Commitment to Science. Now York: Harcourl 
Brace Jovanovich, Inc., 1955. pp. 634. 

^*<>Paul \'\ Brandwein, Substance, Structuf^and Style in the Teaching of Science 

(Revised edition). Now York: Harcourl^rjjiaiiHwoviohr Inc:, 1 968, pp. 28jilf 

* * National JVlan power Council, A Policy for Scientific and Professional Manpower: A 
. -Stdtement'by the Council with I 'acts and Issues Prepared by the Research Staff New York: 
Columbia University Press, 1953, pp. 78-86. 
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of tW Commission an Human Resources and Advanced Training 
aCTx^eS essentially with this. But these/ studies were in the early 
fijties, and the situation has changed/There are now programs that 
attract students with high ability, but perhaps it is still possible to 
postulate that these programs are de/eloped for the conventionally 
gifted and not the singularly gifted. /• 

The essential differences betweej^ the two types of giftedness may 
be compared as follows: 

lAThe conventionally giftei^ have liigh IQs (over 130) and 
<:onft)nn in ge;ieral beiyvior "as expected." These cliildren 
prefer guidance; they want to please the teacher and generally 
acliievB the I'higji expectancies" of the teacher. 
2. The singularly giflieM^ of the following types: 

a. Higli IQ; confftrfmng in general behavior but creative. These 
children are wwrJ^ehaviy but also do remarkably inventive 
things. ( y . 

b. Modest IQ^ confomiing and creative as in (a)Hbut wjth IQs 
from 105 115. ^ ' 

c. Iligli IQ;^onconfomting ahd'creative. 

d. Modest IQ; nonconforming \ind creative. 

Children qf groups (c) and ((l)^of the singularly ..gifted are 
sometimes b^'^avior problems (mDstly^Jecause of excessive enei^ies 
and strong innovative tendencies). They cannot ''sit and listen" but 
excel in individutlly contrived, innovative work requiring periods of 
liigh concentration. They do "original" things. 

Observations of science education^ (and other areas) throughout ^ 
the country^indicate the following; v^/ ^ 

1. Programs for the gifted are presently contrived and organized 
for the groups that are, conventionally gifted, 

2. In areas other than science (art, music, athletics, and creative 
writing), programs have been contrived for the singularly gifted. 
These areas lend themselves to s^ich innovation, but so doeS 
science. 

3. Where programs for the singularly gifted have been deviSJ^^, 
studehts do create; that is, they do innovate, invent, and carry 

t out true experimental work, true inquiry. (Inquuy as the tefni 
is normally used is not "true inquiry," since the results are 
known and normally obtained within a predicted period. 
Inquiry as it is generally carried out in our schools is related to 
problem doing rather than problem solving.) 

Dad Wolflc, America's Rcsouncs of Specialized latent A Current Appraisal and'th^s 
Look Ahead. New York Harper and Row. Puhliihet^f. 1954. pp. 269 71. 

ERiC . VH 



13 



One major objective of education of the gifted is to beet their 
idiosyncratic mode. This, in essence, means to stimulate independent 
study • For the curriculum for the gifted in science, \i 12-year 
program is proposed that increases independent study and that offers 
instnicted learning in interdependent study. The curriculum is. 
devised for all students; the program offers a constructive study of 
tlie l<?gacy of science (ordinarily thougiit of as courses in science, 
with a system pf class attendance^ formal lectures, discussion, and 
fojrmal laboratory work). The independent study refers to tlife' 
experimental work, true inquiry, as well as to carrying out those 
studies into the legacy of scibnce independently; that is, v^dthout 

attending f ormal work . ^, 

f> . 

Lecture in the Gifted (^lirricul^m 

Investigations tlirougliout the counjiy have led to some important 
revelations about science instruction. It hasr]be\fn found that althougli 
teachers using the courses developed by the various federally ][imded 
committees (BSCS, CHEMS, PSSC, ESCP, and so on)'^ emphasize 
use of the "inquuy-process app^ach" in their science te(^cliing, 
rouglily 80 percent of the teachers in grades nine, ten, eleven, and 
twelve lecture 80 percent of the time. Physics and chemistry teachers 
lecture approximately 80 to 90 percent of class time? Furthermore, 
tlie laboratories are organized in such a manner that stiidents 
"develop" the correct answers within the stipulated time span j of the 
period. Rarely do students perform a single e^cperiment a year, in the 
true sense of the term experiment. * , 

This is not to say that administrators, supervisors, and teachers are 
n(A honorable in thek basic, fundamental, and overarching desires to 
develop a strategy in which thV methods of intelligence (inquhy 
processes) are used in instruction. Even casual observation would 
sho^ that it is tactically imggsisible to teach five classes a day, 
individualize instruction, and thus plan for the varieties of 
approaches and equipment characteristic of true axperintental 
inquhy, witliin the purview of the present facilities and course 
structures. In fact, it can be hypothesized that given the present 
facilities ^and present school requirements, the investigational 
approach vnW not flourish. (Hence afe suggested Learning Activity 
Packages and research approaches [see (liapter 4] ). 

It is estimably clear that gifted students can read and read very 
well. Therefore, there is little need to lecture on material already in 

*^Thc committees mentioned arc Bioloitical Sciences Cucriculum' Study <BSCS); 
Oicmistry Education Materials Study ((^HUMS); Physical Sciences Study Committee 
(PSSQ; and Karth Science Curricuium Project (KSCP). 
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books, the lecture is most useful wlxbn it brings syntheses of data, or^ 
data only, otherwise unavailable to the students. In effect, a program 
for the^ gifted in the senior high school should place the student in 
the position of securing his potential as an independent scholar, this 
of course being done with the fuUest cognizance of his maturational. 
level. TTie emphasis then is on activity of the student in relation to 
his gifts' opportunities, and life-style. ^ . 

There are several kinds of life-styles that can be observed amongst 
gifted students and that can be related to the kinds of independent 
study the gifted prefer. Eli Ginzberg and John L. Herma designate 
life-styles as follows: 

X.Individualistk or autonomous life-style. The attitudes and 
behavior towards work of those with an individualistic life-style 
are characterized by an emphatic desire to design their own 
activities and to be as free as possible from the pressure or 
interference of others. More than anything else, the^^ want to 

^ work without directional dictation. ^ 

T. Leadership or authoritative lifestyle. Tlie attitudes and 
behavior towards work of tjiose yith a leadership life-style are 
characterized by a s^ong 4rive to/direct and guide the work of 
others. They are not mainly conc^ed with securing autonomy* 
for themselves but rather with seduring positions of leadership. 

S. Social or group-oriented life-style. Tlie attitudes and behavior 
towards work of persons with a social life-style stand in contrast 
to those of the individualistic or leadership types. The social or 
group-oriented type feels good in his membership in a group, is 
a good member of the "team," and is concerned neither with 
optimizing his freedom of choice nor with dominating others 
and aggrandizing liis own power. Mis basic orientation is to gain, 
hold, and increase acceptance by' other members of liis work 
group. ^ 

4. Ideological or idealistic life-style. The attitudes and behavior 
towards work of those with an ideological life-style are 
characterized by dedication to a system of ideals, such as social, 
religious, • political, or . scholarly. The ideological type is 
concerned with relationship within ^^the group, but mainly 
"because he shares the cause for wliich he is working.*^ 

Children in junior higli school (twelve througli fifteen years of age) 
are beginning to ^ive cluey^^to their life-styles. Individualistic 
(autonomous), leadership (autnoritative), and social (group-oriented) 
life-styles begin to show themselves earlier than the ideological 

'^Eli Oinzl^erg and Johil L. Herma, Talent and Perfonmncc. New York: Columbia 
University Prcsi, 16)64, pp. 1 1 3-22. ^ 
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(idealistic). The singularly gifted tend to be more autonomous and . 
idealistic tlian others. The social and leaderslup types tend to seek 
the approval of the teacher and the group more than do the 
autonomous and idealistic types* 

These different life-styles manifest tliemselves in students' . 
preferences for research work. Thus, the autonomous type prefers a 
problem "on his own"; he is a loner. The social type many times 
prefers to work in group researcly, he likes to be part of a team. The 
ideologic type tends to want liis work to be useful. 

Tliese observations of life-styles are tentative* and mu;st , j^e . . r 
considered as clues only. But, if nothing els%, ttie tern[t?^^^;ti^^ — ^ 
describing' the early ^ttitudes and behaviors of gifted cMdren for 
purposes of gOiaaiice. They are not meant to be used as labels, for 
labelsV'e often libels. 

It should be kept in mind tliat the field of work with the gifted is 
only at the very beginning of acquisition of hard data. Life-style 
i^'- . dipSignatiohs therefore serve merely as one type of' clue for 
identifying and working with (the gifted. 
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Chapter 3 



Curricular Strategic 



* If the basic thesis is accepted that the -gifted in science in high 
school arc to* be encouraged in as much independent study as they 
can takfc, then a gifted program assumes different form and different 

\ dimension than that normally found in most of our schools. Under 
this thesis, tlic gifted student is to be encouraged to fulfill liis 
giftcdness. This does not-mean that he is to be cast adrift into pure 
inquiry, for the life of the scientist is not independent. A scientist is 
interdependent; he "stands on the shoulders of others." So does the 
gifted student. 

A gifted child does not live alone. He is part of Ijis culture, aiid he 
needs an "intellectual umbilical cord" to the community of scholars. 
He finds this umbilical cord in the curriculum'. The .curriculum not 
only gives liim the apprentice learnings tliat furnish the feedback his 
mental activities require, but also the feedforward liis special gifts, 
liis ingenuity, require. 

Furthermore, in a completely 0bjective survey of the nature of the 
scientist's inquhy processes (methods of intelligence) and the liature 
of scientific contribution, tlie teclmiques of interdependence are 
lii^ily significant. For example, a scientist's report alvyays credits 
tlidse whose work preceded liis, even in tlie most tentative of ways: , 
A scientist does not rush to the laboratory to begin work; he 
probably first goes to the library to find clues to liis hypotlieses, 
theories, or designs. He reads and analyzes the work of others (liis 
predecessors and peers) as much as he engages in experimental work. 
A scientist is interdependent vwth liis past and present, and so is a 
child, gifted or not, and so is a teacher. A.scientist (does-not start 
with a problem; he starts with his knowns^ , • 

\ 

Types of Curricula for the Gifted 
tlie suggested curricula for the gifted ha^e at least tlvee 
parameters, which are the following: 

1. Tlie'^^fted student shall have access to all information, course- 
work, and the like that will ensure lihn of opportunities for 
- further study (presumably in college). / 



2. Tlic gifted student sliall liave opportunity and acjcess to such 
types of independent study as will avail liim ^of the v«ork 
assumed in (1) above ^an4- that will morebyer, givo liim 
instruction in the arts of investigation^ (m true inquuy and 
research). 

3. Witliin liis junior and senior years, the gifted student shall liave 
opportunity to do at least two investigations of a truly original 
nature. Tliat is, he sliall have experiencer in research and in tnie 
problem solving. Tlirougli a demonstration of true problem- 
solving ability, he will demonstrate hi& talent or liigli-level 

" ability or developed aptitude m science. 

TJiere/are tlu^ee types of organization of liigh-school curriculum 
that have* been observed that permit the above opportunities. They 
are described in the first three foUowing models. An additional 
model. Model IV, is presented as a suggested program for optimal 
development of gifted students. 

Model I, The Triditionil Cunriculum 

Tlie simplest orientation towards meeting the needs of the gifted 
in science in a majority of schools seems ' to come out of the 
pre^ntly njost-common liigh-school curriculpm (Table 1). In each of 
the courses in Table 1 , the most able students are given opportunity 
to do project work. Tliis project work often leads to involvement in a 
science fan* or in the Westinghouse Science Talent Searcji. In many 
instances, the gifted are the best students in the school (as 
determined by liigh IQ, reading score, mat^^score, and achievement). 

Table I 

Ordinary High-School ScienceXurricului;[ 



Grade 



10 
11 
12 



Course 

General science or earth science or / 
physical science or biological science 

Usually biology 

Usually chemistry ^ 
Usually physics 



Frequently, the gifted are permitted to take 'Mionor courses," 
which often are the courses developed by Jhe federally sponsored / 



committees (e.g:; PSSC. CflEMS. BSCS, and E^?V ' Thm. for the 
talented or gifted students" (usually the converit^onally gitted), me 
course in biology is o^ of the BSCS oourses.^ usuaUy the^blue 
. version;* * the ^hemistrV/ cou?se is usually the CHEMS- course; ana 
the physics course is PSSC physics.' » Working on a project, then, is, 
the significant differeniie in the treatment of the gifted m tlus type 

' of school. // . . . o u i\ 

Model II. The Special g^hool (or Special Honor School Within a School) 

In the special scl Jol, students with high-level ability (abiUty to 
' pass a special entrance examination and higli IQ, reading score, and 
mathematics score) fire offered a rich science curriculum tliat uses 
the BSCS, CHEMS, ind PSSC programs. In addition, the students we 
offered opportunities to do science projects of a complex sort. The 
other coursework (language arts, social studies, mathematics, music, 
and art) witliin the school or witliin the special honor school are also 
all honors courses. 

Model III, The Tracking Program 

A school .with tracking iribdifies its program by offering several 
cuiricular patlis instead of j^ist one. The tracks are specially desired 
for different groups (Figure 2). Students who do research (track D in 
Figure 2) have''a sponsor who is a teacher in the school, but then- 
• special research problems are determined* by consultation with a 
university scientist, who acts as their consultant. The students in 
research are required to maintain an average in all areas .(whether 
they are in the normal B track or the mathematicj^y oriented C 
track) of 85 percent. Those in research are not rcquhed to attend the 
coursewor k, but they are required to take the examinations. 

•Sxhe committees mentioned are Physical Sciences Stijdy Coihmlttee (PSSC); Chemistry 
Education Materials Study (CHEMS); Biological SciencciTCurriculum Study (BSCS); and 
Earth Science Curriculum Project (ESCP). ^ 

""BSCS courses were first developed in I960 and have sinkbeen revised ^veral times. 
For a first high^chool biology course, texts were prepared with three different"»rJentat ions. 
The blue version (Biological Science: Molecules to Man (Third edition) . Boston: Houghton 
Mifflin. Co., 1973) was prepared by biologists with major Interests in biochcrnistry and 
physiology. Tlie ycUow version (Biological Science An Inquiry into (Second edition] . 
New Yoiic: Harcourt Brace Jov^novich, Inc.. 1 963)- was prepaid by biologists with m»jor 
Interests in development and genetics. The green version (High kchoolB o ogy. BSCS Green 
f/erslon. Chicago: Rand-McNaUy and Co.. 1963) was preparAl by biologists with major 
interests in ecology and evolution. A text for an advanecil. 5cci\nd biology course has also 
been prepared (Biological Science: Interaction of Experiments tdcas (Second edition). 
Englcwood .Cliffs, NJ.r Prenticc-HaU, Inc., 1971). \ / 

^''chemistry: An Experimental Science. IWitcd by (Jcorgc C. Pimcntel. San Francisco: 
W.H. Freeman and Co., 1963. ^ - 

. '» Uri Hagcr-Schaim" and Others, VSSC Physics (Third edition). Boston: D.C. HcaO» Co., 
1971. s., 
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S«aior High School 



Track A 

For nonmathematH 
cally orientfHi , 


Track Q ; 

"Normar* apprjoach 
for majority of stu* 
d«nts (passing rtwrk 
' in algebra expecttd) 


Track C 

For HDathomatically 
oriented students 
and for students in^ 
terested in science 


Track D , 

Research for students 
oriented in mathe< 
mattes and'scienco ' 


Gcionno 
Biol)iqv 


♦ Chniniotfy 


Biology 
Chumistry 
Ph^Gica 





■Junior High School 
Carefful observation of students in a program 
rich in science that offers project, laboratory, 
field, and individual experiences 



f^Hl* 2. DiUfram of curriculir tracking 

Model IV. Learning Activily Package Program 

The model that portends to provide maximum development of tlie 
gifted is based on both Learning Activity Packages and tracking; A 
synthesis of Model III tind LAPs, such a program is suggested for the 
development of the aptitudes of the gifted in science. 

Conceptual Basis for thq Curriculum ^ 
.v^hatever the model, the necessary ingredient of all the programs is 
the opportunity to undertake coursework based on a conceptual 
ratlier than a topical orientation and, at the same time, to undertake 
development in the arts of investigation (inquiry). These arts of 
investigation include all Varieties of investigations, including ••triie 
experiment.*' In other words, the skills of interdependence are to 
feed the skills of independence. > " 

Science is experience in search of meaning (Albert Einstein's 
definition).'^ And a curriculum is an orchestnitibn of meanings and 
the nonrandom experience, the instructed leamii^igs, that seeks out 
the meanings. Yet, a giftedjcliild scintillates, pro)bes, and scans; he 
often is given over to sjvtiet, wild, nonregulated thought we call 
imagination or fantasjj^ program for the gifted offers experience in 
search of meanin^jufq, at the same time, gives rich opportunity for 
the individual idiosyncratic probe, for the unexpected, for the flash 
of insight, for the insightful "leap in the dark." 

^^Albcrt I'in^UMn, **('onsldcrations Concerning', llic f undaments of Thcorclical Physics/* 
Address pjvcn before the I-ijtlith American Scientific Congress, Washin^^ton, D.(^, May 15, 
1940. For a copy of the address, see Albert hinstcin, ^^^fhe l undaments of Thcoretic»i 
Pliysics." in Ideas and Opinions, New York Crown Publishers, Inc., J 954. p. 323. ' 




Science, as Percy Bridgman maintained, means "doing ^ne's 
damnedest with one's mind, no holds barred.*'^ ^ It is precisely tliis 
"no holds barred*' activity that is especially characteristic of the 
gifted. The junior-lii^i-school cliild who is singularly gifted in science 
can, for example, understand calculus, and he can do original work. ^ 

What kin(J of curricular framework pves solace to all cliildren so 
tliat they communicate with common bond and yet gives scope to 
variety, diversity, and' the idiosyncratic mode? What science 
curriculum is a r continuum that makes room for a variety of 
excellences and also is a home for the idiosyncratic mode that 
permits a free tlirust into the unknown? The answer apRcars to be a 
curriculum based on conceptual tliemes. Such a curriculum reduces 
random experience and also permits random probes. At the same 
fime that it reduces random experience, it enriches the scope of the 
pfted cliild; even as it teaghes tlie skills of interdependence, it 
enhances the skills of independence. It gives the gifted child access to 
tlie legacy of science so he mn build on it and contribute to it. 

Tlierc is at least some agreement on the basic conceptual themes, 
althougli there is di^NCirsity in their statement. Tlie acreement is inher- 
ent in tlie conceptWMly based statements.developed in newer curricula, 
whether sponsored by the federal government or private institutions. 

Tlie California State Advisory Committee on Science Kducatjon 
lias stated tlie following concerning curriculum : 

The aurriculuni in suience lit all leveln tan be ofgani/cd around 
rcprcscnlativc conceplual systems, their major cupportmg ti^ntcpta, and the 
processes of scicnGc", since tronteptQ and inquiry proj^esses are et^onomit^al and 
luglily transferable forms of learning. 

The sequence of instnitUtonal matcriab iroin knidergartcn tlirough \\\0\ 
school can be cffliicntly'tirgani/cd around (a) the ptma^c^ of memo with 
continuing growth in meaning and uk; at GUtcefiSive Icvcl^i. and (b) the major 
conceptual systems of sciemc to provide vcritcal vohcrcme [italsc i added] to 
the curriculum. Supporting concepts should l>e introduced at ^>cveral levels to 
increase the comprehcniiivenesa and the interpretive pawGroleat.htonccpi.* 

BSCS, dlEMS. CBA. PSSC. and KSrP courses are based generally 
on a conceptual orientation, not a topical one.^^ The CaUfornia 



^^Pcrty W. Brtd^inun. Hcflii tutm of a Fh\'M rJ, Nrw York PhtlM^.jtphu jf 1 tbrjiy. lui . 
195S.P. 535. 

^'tof/iic FramcMifrk ft)r California hthht Sdantb htnJen:arter. iiradc-i One Htmupji 
Twelve. Prepared by thr ( jliit»rnu hidic AJvr.rjrv C Mfiimiltce mii HuemQ I diicjlinn 
Sjeramentii ('alilnr^u folate nepjrtmeni of I dutaimn, HHO. p 16. 

^^Ihc^ rull namcq nf llic ^ouroco arc m folltWQ Uuiliti^iial ^hicihcj ( urriutuin Study 
(BS('S);<1icmhtry I ducation Matcnah ^tudy « HI Mfi). C hcmital Hond Apprnath « l^^^i 
• Physical Scjentcs Study ( ommittcc (PSSC ). and I arth Sticnte ( urmulum Prtijcit (I M PJ. 





;aed the 
science 

le in terms 



Universal and 



nayaigj^cur^ii i m;edictable^way/ 
sfe-andj^ect tplation^p; n^ral 
rable^mighqpf time and spa( 

l^renc^^or size, positio/, t0^i and mai^pn in sj/ace are 

I of particles whi^rft afe in/6onstdnt motion. / 
I variety of convwfible ^orrns. • 
energy are manifesjtations a single entity; thei/ sum in' a 
^stem is constant. / / . ^ 

classification sy^Wfes, scientists brittg order/and 
intly (lissimilaf and^cliyerse natjiral phenomena. / 
iatfer is otgani:^ed/into i^its whipV can be dassified ^into 
organizational levels./ ' * t / 



unity iQ 



[S ^e highly organj[5:ed systet 



I^endiet 



natter and energy.' 



3. Struottire ^d tim^tion are o/ten iriten 
^G. Units of matter ii^^eract. 

1. The ba^s of all interactions are electtoj 
nuclegr forces whose fie^drextend -b^yc^n 

2. Injtwiependence ai^ ii^fteraction With 
relationships. . i ^ 

3. ^Lteraction and reorg^iz^tign of units of matter are always as^ciated 
^^th chanees in enerffv / . / 



etic, gravitational, and 
the\vicinity of their originj 
e enYirorjment are univ^al 




/^th changes in ei>ergy. 

^The/ Committee recognizes that tljer^ are other ways of describing these 
concej/tual systems. In this co^jitext conceptual systems idepHfy the content 
of thd curriculum; they are learnabl/^ut iiorteachable,/Selected concepts, 
principles, and processes of inquiry provide the subject matter in areas of 
• sfudy. Conc^tual systems i*eprese^it the long-range goals of instruction; ijt js 
these thar an individual sholild appreciate ^t increasing levels of 
understanding throughout his lifetime. Specific cpncept^^ and inquiry skills 
serve as the more immediate objectives ifi areas of study or courses. Through 
an / understanding of contributing concepts /and relevant processes, a 
conceptual system acquires meaning for a student,^ 

^ The courses of the curricula suggested in this publication are fi 
explications of tHese conceptual themes in their special order. While 
the order of the conceptual themes is not of special significance, the 
conceptual themes^ themselves are significant, for they are "guys lo 
the curricular tent/" The concepts are. in effect sui^ari^ of the 
work of scientistsf—the legacy of science. * 

Science Framework for California Public Schools: Kindergarten- Grades One Through' 
TwelPe. Prepared by the CaUfornia State Advisory Committee on Scierfce Education. 
Sacramento:.Califdrnia State Depart^ent^of Education, 1970/p^. 34 and 91-108/ 
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Percy Bridgman, referring to concepts as basic to the ordering of 
understanding, has said. "In general, we mean by aW concept 
nothing more than a set of operations; the cdncept is syrt>&^n'mous 
with the corresponding set of operations."''. For exantple, a 
meterstick measures length, not inteUigence. The concept of lengthis 
•synonymous with the experience of using the meterstick. If one uSes 
a ^meterstick f» measure inteUigence. one comes out with a useless 

/Conceptual thinking (concept seeking .thrpugh reformulation of 
uatderly explanation) is not easy to cofne by. Children whose 
concept-se'eking experiences are contmuous in a cumculum have|hfe 
opporttimty to develop the habitual tracks of association that are the/ 
•products of concept seeking. Therefore, the hypothesis ^s that mA 
cp«tep|uaUy developed .curriculum, children improve their abihtj^ to 

■<toik gbnceptually. \ ' / ' 

A' curriculum is not based on random ej^penence; a cumcu urn 
reduces random experienbe. | A. conceptually organized curriculum 
redu^jes random Experience \^d supports concept seeking, which, of, 
coi^se, is ba^e4 on inquiry. 




/ 

/ 
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Curftifulum D>vell|^enU"(>r Junior High School \ \ > 

/ When thfe/teaching o/ children \s based on concepts\ that are 
/synonymouJ With theh corr^spondiii^operations. childreri c^n and 
do come to^feirly accurate concepluaUzVions or preconcepfs. Put it 
is the manner of teaching that orchestratfc\concept and operation. 

Teachers who recognize the dikinclion between ccinventional and 
^igS&r :giftedness wiU cotne to know that\he singularly gifted in 
science show theh giftedness/not only m aVariefy of inteUectual 
behaviors but charact^stically m the inventionWoperations. In the 
iuikor high school, fhe gifted child often invents Ms ovm operations. 
andWs is most true of the Singularly gifted. ATiefoUowing i^ an 
exampk.of|n inventive pupil./- / \ ^ . 

J L thirteen years old, in m^roscope work in qlass, note(khairZ)flp/in/a (a 
tiriy'cmstacean) have food tubes that are transparent. He wenVio his teacher 
with an experimerital design that would enaWe him to stu^v the food 
' preference^ of Daphnia. In essence, he wanted to stain with a h^knnless dye 
the various\organisms Daphnia feed upon and then observe food pVfiference. 

^ \\/ - A 

^^Percy BiidgmaOje Logic of Modem Physics. New York: Macmiiran Co., 1^7, 

'''^"pju, fJ BrandweiTf\^flc/i/«g Gifted Children Science in Grades One Through St 
SaeranwSito: CaUfornia Stafe\pepartment of Education, 1973, pp. 8-10. 
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He planned to ctor-this in work be/ore schobl, during his free period, after 
school, and at ho/ne. -V / ♦ ' '-^ 

Considerations fundamental to the development of a conceptually 
based curriculum m the junior high school include the follo>ying: 

1. Thev. curriculum should be developed tq. fit the stage, of 
development of the- knowledges, skills, and abilities (the 
developed aptitudes) of the boys and girls coming to the junioi> 
high school. Particularly for California, where the population is 
mobile, the school gifted population may be composed of 
children viith widely diverse backgrounds, some rich in science, 

y some very ipoor. 

Not only must there be adequate mformation on the. 
chiIdrenV4ev^loped aptitudes (from standard tjfests), but clues 
to their achie;^ement in science should also be obtained. It is for 
* this reason t^t it may be desirable /or a faculty to determine 
where the boys and girls are along the lines of the concept 
developn^t m the cui^cular grid in Figure 5 (page 36). 

If nothing else, simple, conceptually oriented tests can be 
developed to determine the relative positions of students along 
\ the gnd^r Or a period \ of time, up to two months, at me 
\ beginning 6f level sev^ migm be spenf in discussion to 
\ determine thfe^ class posMo^p^ along the conceptual arrow (the 
development longitudinally ^lalong a boncaptual theme). Onc'Q 
|his is done, the cutricumml for the Particular group of gifted 
iljinder consideration ^an -bej {Ijahned. Sut it will Ije recalled that 
t|iis curriculum i^. designed to|deYelop.a i^fli^e in interdependence, 

2. Once the charactti^r of}the grOup is detelrmined, the sti^icture of 
the curriculum cin b6 developeid. It Can be devised along a 
longitudinal structure d^r in a horizontal structure. The horizon- 
tal grid is oriented towards disciplines, but its mtemal structure 
is still conceptual. The basis on which this is reasoned is as 
follows: 

a. Since the boys and girls coming to the school may have had 
either a conceptually organized curriculum or i' sparse 
program or a topical one, it is well to bring them together in 
a program thai affords equal opportunity to develop the 
' skills of interdependence. 
Whatever their origins, children in the junior Uigli $chooIs are 



beginning to develop career choices. A view bf the Sciences as 
disciplines (matter, energ/, l|ie, earth, and space) may assist 



25 



/ 



' ill the career choice. Each horizpntal development unc^er the 
discipline is conceptiwl. ^ / ^ 

c. Whether the design vertical, or horizontal, the techniques 
ahd ''procedures for grades one tlirough six itill appl]^. These 
consist of developing either cuijicular modules of ajsequen-. 
tial type or the curricular module known As a Lemming 
Alctivity Package, depending on the desires of the faculty.^^ 

d. F^or the junioi:-hi^-«chool years, whether a design in non- 
gj^'aded progression or enrichment is ucsired, the iLeaming 
Aictivity Package is most desirable. For the junior-hifeh-school 
program must emphasize independent activity in learning. 
The lecture is at best to be used only when it alone can fulfill 
a function. . / 

e. If desired, one can organize a curriculum based on process 
themes, but observations of the work of scientists indicate 
that they begm their work with understandings or concepts^ 
not with processes. In practice, once a model based on 

' cognitive themes is developed and ^the operations that 
support the concepts are chosen, the processes fall gtacefuUy 
into the plan. 



Instruction in the Arts of Investigation 

The teacher of science should create a new environment m the 
classroom in which the student is encouraged tv do the following: 

• Explore the material universe. / 

Seek^orderly explanations (conceptual c^rderings) of objects ^nd 




/ 



• Seek^orderly explanations (.conceptual oraennus; ui uujc^ta uim 

events. ) ^ 

• Test tlie explanations using fKe metliods of intelligence (inquiry 

processes) of the scientist. • \ 

to explore, to seek, to test, to be active in concept seeking, to 
active in learning, to respond, and to inquire: this is what cliildren dd 
as thiy work in science. "Sdencing" means all these things and more, 
it means to seek orderly explanations out of the chaos of data. It 
means value seeking for the values of honest search, honest reportmg, 
and truth seeking. These are the values of the scientist and of science. . 

A theory of instruction that embraces aU children but that does 
not deny the gifted migjit be statefl as follows: in the classroom, the 
teacher, origihaies different environments toward which students 
must respond, thereby gaining new abilities. For all children, this 

^*Paul I-. Brandwein, Teaching Glfkd Children'^ Sfiiencc in Grades One Through Six. 
Sacramento: CaJifornia State Departmentof Hducation, 1973, pp. 1 5-19 ana 5 1-57. 
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theory emphasizes activity on the part of the teacher ^s she develops, 
an environment of nonrandom experience for the cliildren. But, 
nbnrandom or not, the 'experiences are new and stimulate innovative-* 
ness. A, curricujjim consistjs of nonrandomized experience, of 
instructefl learning. But within its framework, the random experience 
coming out of the nonre^lated thouglit, or even fantasy^ of the 
gifted cliild does have central play. 

The emphasis on new environments (nevfc experiences) is impor- 
tant, for the gifted child is bored with- doing tilings h'p has ah-eady 
done or known. Moreover, all childre;i ihould not waste time with 
tilings they liave already done.^ To leariS means to be faced with a 
new environment, for to learn means prmiarily to learn new things, 
even though review has its place in fixing skill§. 

Tlie significant aspect of this theqry of instruction is its emphasis 
on response of the learner. Lecture tells the cliild, but, at the same 
time, there must be opportunity for the cluld to do telling based on 
liis activity^ and liis experience. In teacliing, it is the teacher who 
creates the nonrandomized, new environment; it is the child who 
responds by activi^ in learning. Tliis learning includes all manner of 
activity: in vesfi^ifion,^ discussion, demonstration, project, field 
experience, t|ie rarp experiment, libfary research, and reporting. 

If plain, ordinarj^, garden-variety information is needed, what tiie 
cliild is to learn he can. get by reading. The teacher should not under 
ordinary circumstances **tcll^" unless it is impossible for the cliil^ to 
aquire the infom)ation by direct, individual work. Gifted cliildren do 
read and read, well, and the text can safely be left to them if 
bpportuniti^a/^re also given them to review their concept seeking and 
concept forming and to seek advice in prosecuting their original 
research. ' \ \ 

When tlie lecture is minimized (when it is reduded to less than 50 
percent of thft cla^ schedule), the gifted are given greater opportu- 
. nity tp do individual ^^aboratory work^ and original work m true 
experimentation. At th^ same time, liigli standards of scholarsliip are 
maintained. Fonstudenb who are given, freedom to carry on then* 
wgrk do ffo with tlicS understanding that they need fully to 
understand the ftindarnpntal legacy of science basic to their work. 
Tlie coursework of the models, wliich is based on the conceptual 
themes proposed by the California State Advisory Con^mittee on 
Science Education aini^ similar thenles, is ^uch a legacy. 

Essentially, a program for the gifted In science orchestrates the 
skilb of interdependence with those of independence. In presenting 
individual research work, the gifted student not only undertakes to 
CQnjc 'to terms with the laboratory but with the library as well. 
\ \ ,t 



/ The lesson of inquiry and the lessons taught the researcher 
/ indicate that an experienced inquirer starts with the known. The 
/ lesson is tliat mental activity basic to science is not generally directed 
' by problems but by objects and events. If the object or event is not 
recognized, a problem is not recognized. And if a concept is not 
available, the problem cannot be clarified. A scientist and a child 
bring their concepts with them. As did Newton, scientists "stand on 
the shoulders of others." So does a cliild. 

It, is a truism that it would be foolish to disregard what is known, 
to discover it all anew. Tlie scientist, in **standing on the shoulders of 
.others," is interdependent with other scientists. He starts with the 
accumulated store of discovery; his is the legacy of all scientists. The 
student also has this legacy, but he learns to investigate primarily by 
investigating. A process of investigation, such as illustrated in Figure 
3, should Cinphasize the following: . \ / 



^ 1 . Inquiry is a mix of human activity in search of meaning. Inquiry: 
is not synonymous with laboratory work, not for the scientist 
nor in the science classroom. A scientist tliinks; he consults liis 
resources (books, magazines, and so on); he confers with friends^ 
- and colleagues; and he attends meetings. The library is as impor- 
tant as the laboratory, but the primary tool is his brain, with the 
armchair often being a significant locus for scientific activity. 

2. Almost always, problem solving and problem doing are based on 
a body of knowledge. There is no need to have the student 
rediscover the unknown; this is inefficient even to teach liim the 
arts of investigation. As Robert Gagn6 lias put it, *To be an 
effective problem solver, the individual must sc^mehow liave 
acquired masses of structurally organized knowledge. Such 
knowledge is made up of content principles, not heuristic 
ones."^*' Tliis is not to say that the laboratory work common 
to BSCS, PSSC, CHEMS, and shnilar courses should not be 
done, as they provide for empirical confirmations^of knowns. In 
teaching the essences of science, one should keep in mind (a) 
the need! for accuracy tlirough assessment of error, (b) the 
empmcal base for certain aspects of science, and (c) the nature 
of problem (foing as apprentice investigation. 

3. The studtnt in junior high school learlis^ to investigate by 
investigating. Twd aspects of investigation that should be 
stressed are (a) the noid td apprehend the legacy of science (the 
need to develop skills in the methods of assessipr^^^ knpwn) 
and (b) the techniques of attacking the unknown (the art»s of 

Robert M. Qanno, The ComJittons of Learning. New York: Holt. Rinphart and 
Wm5ton,lnt%» 1965,'p. 170. > ^ 
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investigation). Both to apprehend the legacy of science and to 
attack the unknown, one' uses the techniques of inquiry. These 
simply are all methods of civilized man to find what is known 
and unknown. Tlie knowniand the unknown are inextricable; to 
separate them is to conthivene science and the scientist, for ' 
both depend on the past to probe the future.^' 

Feedback and feedforward in the gifted are thus one because they 
are inextricable. Even as the gifted student probes the past, his mind 
leap$ forward. For the brain is one organ; the neurons are 
interconnected; thus, concepts are the ground for the probe tlirough 
investigation. 

Prototype for a Cfonceptually Structured Cuiyiculum 
' What is known can be structured^ and, as has been demonstrated, 
this structure should be conceptually based. The thesis (or hypothe- 
sis) of the California State Advisory Committee on Science Educa- 
tion is that if such a structure is developed frorh the primary years 
on, the legacy of science wiUrnore surely be part of the development 
of the gifted 61iild. By liigh scJiool, the legacy will then be assimilated 
into liis f^ber of thought. ^ ' 

A curricular structure that is based oh the conceptual themes of 
the State Advisory Committee and that has been developed for use as 
a guide ^ in curriculum planning is presented in Figures 5 through 7, 
wliich appear on pages 36 througli .38.^^ Two structures of the 
. Committee's themes are presented: (1) a longitudinal development 
through levels (Figures 5 and 6); and (iy a horizontal development 
tlirough grades (Figure 7). Both of these approaches to ihe 
curriculum are conceptually based.^^ Method? for implementing tho 
curriculum are explained in Chapter 4. '\ 



• 2®Jamc» B^^pnant, On Undcfstanding Science: An HiUorlcal Approach. New llavcn, 
Conn.: Yale University Press, I5>47, pp. 101-6. " ^ ' 

^^I'"or the currieular grid ifor the primary sehooj y^ars (grades one through three), $cc 
Paul '^Rrandwcin, Teaching Olfted Children Science in Grades One Through Six. 
Saeramento: Cftlifornia St3<e Department of Mdueation, 1973. p. 12. 

^^F'Or a similarly di^^toped eurrieulumund a discussion of eoneeptually based eurrieul^r 
structures, sec Paul V. X^x^niyN^vr^ Substance, Structure; and Style in the Teaching of\ 
Science (Revised editio^). New York: Harcourt Brace Jovanovich. Inc., 196ff| pp. 6-17. 
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Chapter 4 



Development of Independence 

/Gifted cliildren nfust foiiow tlicir own pace and their own tlirust, 
;tor it is not only their work but also their work habits that are 
crucial. Certain gifted cliildren may beconje the scientists of thfc 
future; in fact, all the scientists of the future are or will be in our 
classrooms. If iif the junior and senior high school there is^ a 
curricular design in wliich gifted cliildren can (demonstrate their 
mdependent style of life and tlieu* arts of investigation, tlie gifted 
students in science, our future scientists, will not only be identified 
but their talents will be carefully nourished. / / 

In a horizontal development, an example of such nourishmeiw^ 
teacliing a4vanced matliematiccd aspects of biology, cliemi^;try,^ftnd • 
physics, difted cliildren'^ can work and do^^oy the mathematics \ 
involved in Mendelian ratios, the Hardy-Wein^i^law, quantitative 
problems m chemJstiy and physics, jja^ calculusyin a ji^rogram for 
tlie gifted, the tone of the science can be di^iJfent, as well as its 
content. ' 

iiackgrpund for Creativity^ 

Bemice Eiduson has. remarked, "As I listened to the scientists' 
opinions on happiness, I was impfessed with two tilings. Most of the 
scientists carve out degrees of freedom for themselves with marvelous 
ingenuity and imaginativeness/'^ ' A gifted child, particularly one 
who is to be a scientist, musi learn to "carve out degrees of freedom" 
for himself. Tliis is one of the skUls of independence. How is this to 
be done? 

In a study of creativity, Thomas Sprecher discovered that both 
ideas and work liabits (independence to pldn ow^ activities) are 
considered by engineers and psychologists to be essential characteris- x 
tics of creative individuals. Those who were surveyed rated indepgrjV^ 
dence, ability to generate novel ideas, and the liking of problems^gli 
on »the scale of creativity.^ ^ Wliichever study of creativity is 

^^Bcrnicc T. I-lduson, Scfcniisis: Their Psychological World. New Vofk: Uasic |}oolc8. 
Inc., 1962, jr. 164. ^ 

^^Thomas B. Sprcchcr,, "A Proposal for Identifying the Meaning of (*rcatlvity," in 
Scientific Creativity: Its RMgnltion and Development. IkJitcd by Calvin W. Taylor and 
J-rank Barron. New York: Jolii Witey and Sons, Inc., 1 963. pp. 77-88. / 
O J.. 
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examined, independence is found a§ a primary virtue of the creative 
individual. Ihdeed, it characterizes tlie vast majority of gifted 
cliildren, for it is a syndrome trait combining a variety of intellectual 
an^ emotional traits. 

Tile function of the school is clear: to develop an environment in 
which independence can flourish. Related elements tliat should be 
fostered are curiosity, courage, individual Styles the capacity for liard 
concentrated work, the ability to make decisions, the skill pf 
isolating problems, and SO on. ^ ^ 

Tlie alchemy of independence, of individual creative acts, comes 
out of past experience and comprises the skills acliievcd from 
interdependence. Independence * stands on a i^xr^mid of tlie'Wdrk 
done In the past; even Newton "stood on the shoulders of giantf/' 
Tlieories are blurted out and are guessed at frOm Hch acquainj^ce 
with the data. Creative acts are in effect based uii a prior life rich in 
experience. For this reason, it is crucial in the earliest years to 
provide an appropriate background for creativity. 

Most of tlie scientists in an in-depth investigation conducted by 
Anne Roe were fqund to be firstborn cliildren. A useful explanation 
seems to be that ihdependpnce trainiiig is part of the life of the 
firstborn.^ ^ A shnilar study by this author had similar results, 
mdicating that gifted science students are independent in tlieu* work 
liabits.^^ Contributors in any field are m large part autonomous, and 
autonomy requires tlie work habits and personality traits categorized 
as independence. For tliis? reason, and otliers, independence training 
b perhaps as important as^ any other aspect in the curricular and 
instructional program fpr the gifted. 



Independence Trammg in Junior High School 

In(/ependbnce training of\'liildren m the junior liigh school can be 
accomplished in either of at least two curricular progressions (Figure 
- 4). The two types of progression are the followhig: 

I i Nongraried progresision (continued progress). Each ^tudent 
progresses as surely and as rapidly as liis giftedness permits. At 
each stage of experience, interviews and demonstrations of liis 
activity determine his growth in concept seeking. For example, 
a student who has accomplished a Learning Activity Package at 



^^Anno Roc, "he Making of a Scientist. New York: Dodd» Mead and Co., 1953. pp. 
70^4. 

^^Paul I'. Orandwcln, The Gifted Student as i'uturc Scientist: The High Schooi Student 
and His Cdmmitment to Science, New York: Harcourt Brace Jovanovlch, Inc., 1955, pp. 
54-60. 1^ 
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Level' Seven can advance to Lev^l Eight and. undertake the nexf 
mini-LAP. / } 

2. Enrichment within the ^rade. /Each student is grouped in and 
-progresses by grades. The gifted cllildren are given opportunities 
to proceed in deptli in any module of activity or LAP that is 
based on a concept. They do not proceed to the next level but 
prob(? more deeply into concept seeking at that level. 

Which strategy is chosen depends on the school, but the weight of 
evidence seems to favor continuous progression (nongraded) as the 
most useful for developing independent activity of the gifted and 
rewarding it. jAdvance in learning activity apparently constitutes a 
major reward/ for the gifted child. John Goodlad has pressed tliis 
point again al»d again, as have other pBychologists.'* ^ 

In esseiice, what is being suggested for a curriculum and its 
compoitent ..instructional devices are (1) activity conifmon to all 
children that is part of a determined level of learning and (2) 
independent idiosyncratic activity for those who can profit from it. 
The lattbr is of cou^e far the gifted child, who is characterized 
mainly /by l^s ability for independent, idiosyncratic, innovative, 
imaginaitiye activity. ' 

In the primary years (grades one through three), in the environ- 
ment of a rich program combining the skills of interdependence with 
thoSji>5^f independence, children are beginning to develoj^ their ego 
streyigth. As they make their way, they need to hold the hand of the 
teadhcr, relinquishing it from time to time. It is assumed that the 
school staff will fashion its own curricular instrument based on 
evaluation of the childrcn*s background. Nevertheless, there is still 
available a host of curricula (with concepts, generalizations, princi- 
^ples, and facts) in the same family of curricula as that sponsored by 
the California State Advisory Committee, In a^ldition to a basic 
Conceptual structure, these curricula have instructional materials 
adapted to the "norm" and tp the gifted.^ ^ 

In the end, the children are to be freed from their dependence on . 
the teacher, and the teacher is to be freed from the burden of 
assuming that evefytlUng children are to learn is to be learned from 
her. Gifted cliildren should be allowed to learn some things (by liigli 
school, most thm^) without supervision and without direction by 
the teacher. They can of course ask for direction or supervision, oj 



^'John I. (loodlad and RoborC tl. Anderson. The Nongtudcd Ulemcntary School 
(Revised edition). New York: Harcourtftfacc Jovanovidi, Inc., 1963, pp. 154*5. 

'^A variety of new, conccplifally orrcnCc^d prop.rams are l^eirt^ developed by federal 
commtCCecs and private jjroupt. Many of these prop,rams are now available Ircjm publttihcrt. 
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direction can be provided when it seems indicated for ther physical or 
mental welfare of tlie cluld. But generally for the gifted, the less 
intervention by an adult, the better. In junior liigh school, 
intervention of the teacher should be reduced 9S the student grows in ^ 
ego strength. But he grows in ego strength as ne is,given opportunity 
to do so, andf this requires encouragement and reward. 

Curriculum for Junior High School 

Whether student progress is based on nongraded progression or 
enriclmient> tlie curricular„ module in the junior Iiigli schoorshould 
stress and encourage Jboth independent activity and growth in the art 
.of investigation. Towards this end, the curricular module of choice In 
thejuqiorliigli school for the gifted student miglit well be a form of a 
teaming Activity Package (LAl?). LAPs can be developed for each 
major concept in the vertical and horizontal grids of Figures 5 
tlu'ougli 7. To demonstrate how a LAP can be used to instruct gifted 
in tlie skills of intdhlependcnce and independence and the arts jOf 
investigation/ the following LAB (see Figure 8) Ms been deviseti, 
based on the State Advisory Committce*s theme F-1 ? 

Desi|nln| a Learning Activity Package 

Assume that the boys and girls entering the junior high school 
liave been assessed for their knowledge andT skills as shown in their 
cumulative records and througli interview, tests, discussion, -and 
achievement in the first few months of tlie year. Assume that a 
curricular organization (either longitudinal or horizontal) has been 
developed on the basis of the evaluation results. Assume further that 
tliis operational goal is accepted: to create an environment in wliich 
tlie gifted student takes increasing responsibility forliis own learning. 
A curricular module in wliich tliis operational goal is\realized is the 
Learning Activity Package (LAP). (For students of anjAage, a LAP in 
science requires an adequate library and laboratory, there is little 
rioint in developing a program for the gifted in science unless books, 
eqqmme)it, and working space are available.) ^ 

The fundamental outlines for developing LAPs are shown in 
Figures 5 ^througli 7. 'It should be noted, however, tliat there are 
significant differences in LAPs designed for the intermediate yeara 
(grades four tlirougli six) and those designed for tlie junior- and 



^^Sclence !*ram€work for California Public Schools: Kindergarten Grades Onerhrouih 
Twelve, Prepared by the California State Advisory Committee on Science Ivducation. 
Sacramento: Caiifornia State Department of I-ducation, 1970, pp. 34, 100, and 101. 
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« 


Cpncaptual 
ySchtrnt B 

Matter is compotad of 
pattfelfs thai are in con- 
stam motion. 


Concaptuai 
Schame t 

Living tljiingi(are highly ^ 
organizid sysiermdff 
^maitarghdanargy. 


Condptuil 
Schamt □ " 

Intardapandtnctand 

iniaraction with ihf an- 
vjronmtnt ara univtrial ^ 
ralationshlpi.' 


* CJoncaptual 
. Schamt p 

Tha t)iits of all intarac- 
tions ara forcts whota 
f ialds axtand bayond tiia 
wclnity^of thair drtgin. 




Hie sum of matter and cm 
is constant (more advance 
mcnt as compared with Lt 


crgy in a closed system 
imiathcmatical treat- 
j;^el 5). 


u 

Combinations and re> 
combinations within the 
genetic code produce 
new varieties of organ* 
isms. 


Modern species are the^ 
result of spcciation 
througli the ages. * 


Tlie present Cat th (Uie 
planet) is tlie result of 
continuing change. 


Ltvtl7 


Changing the nucleus of an atom results In 
changes In the physical and chcmktl properties 
of the atom (formulalio;as and mathematical 
treatment). 


Mutations in the genetic 
code produce new vari- 
eties of organisms. 


Organisms fitted by 
adaptsltion to the envl> 
ronment survive. 


Geologic periods coin- 
cide with constructh^e 
and destructive changes 
in UndmasieSi 




The behavior of the outer electrons of tlje atom 
affects the manner of combination of atoms 
(formulations and simple mathematics). 

0 


Combinations and re- 
combinations in the gC'/ 
nctic code affect the 
eluracteiistics of organ- 




Changes in the envuon- 

mcnt affect the move- 
mcnt and diitribution 

of organisms. ^ 
• 


f Constructive and de- 
structive forces affect 
the movement of laod^ 
masses, - » 




The sum of^attcr and energy In a closed system 
b constant ((Tescriptivc and simple mathematics). 


Tlie organization of liv- 
ing systems is based pri- 
marily on the genetic 
code. 


The enviro^nment is and 
has been i^n constant 
change. 


The niption^jmd t^th of 
mlcrosccfpk? bodies and 
pa/ticks arc affected by 
forces, 


L«vtl4 


Tlie ^ount of energy 
gotten'out of a system 
does not exceed the 
amountof energy put ^ 
into it. 


In chemical or physical 
changes, the tptal 
amount of nritter re- 
mains unchanged. 


The cell is the unit of 
stmctutt^and function. 

V iO 


As organisms develop, 
they convert mjrttcr and 
energy fnto the species 
form. 


The motion and path of 
atmosphcciQ.massc8 aic 
affected by forces, 

• 



Fif. 6. Currki^Ur imarmadiata yMra and p«rt of Junior hlfK Khool 





f 

Unit A 


Unit B 


Unit C \ 


lllnitD 


Unite 


Unit F 




The motion and d 
irectionjoi electro- 
magnetic waves ar 
a result of forces 
acting upon them 


i- 
e 

i- 


Changes in the atom- 
ic nucleus af6 basic 
to the development 

of energy resources. 

i 


Mjtft^iUiprgnjj^ism 
affects the resources 
of the planet. 


Mutation is the result 
of heritable chai^ges 
in the characteriistics 
of organisms. 


Mod irn 
the resu 
tion thr 


species are 
It of sp0cia- 
ough the ages. 


The present Earth 
(the planet) is the 
rej^ult of Continuing 
chaniie. 


Lml8 


The motion and 
direction of partic 
are a|result of fore 
acting upon them. 


i$ 

is 

1 


Changes in the 
nucleus of ti>e atom 
result in changes in 
the properties of 
the atomw 


The supply of renew- 
able^ nonrenewable, 
and inexhaustible re- 
sources of an area, is 
affected by change . 
in movement of land, 
sea, and air m^ses. 


Combinations 
recombination 
in the genetic 
produce new v 
eties of orgapi 


and 
s with- 
code 
ari- 
sms.v 


Ofganistins fittecl by 
adaptation to the 
environment survive. 

r- 1 




Geologic periods 
coincjide witli coii- 
structive and de< 
structive changes 
in landmasses. ^ 


L«v«t7 




The behavior (mo 
tion and direction 
of objects is a resit 
of forces acting 
upon them. 


) 

lit 


The behavior of the 
outer electrons of ! 
the atom affects the 
nianner of combina^*) 
tion of atoms. / 


The behavijar of at- 
mospheric masses 
effects change in the 
envirohmentr 


Combination! 
recombinatio 
the genetic cc 
feet the chara 
tics of organis 

V 


and 
is in 
Ue af- 
cteris- 
ms. 


Changes in the envi- 
ronment affect the 
movement and dis^ 
tributionof the 
organisms. 


Constructive and de- 
structive forces affect 
the movement of 
landmasses. 



• ' ■ ■ ' o f 

FiQ. 6. A vtrticaliy d«v«lop«d concaptual structure for the junior-high-sc;^ool dirriculum 




The |)^havior (mo- 
tion and diiection) 
of objects is the 
les^ of forces act- 
upon them. 




The present Earth 
(the planet), is the ■ 
result of continuing 
change. „ * 



brgan^s are , 
adapted' to a variety 
of environments. 



Unite 



The motion and 
diijectipn of particles 
are the result of 
forces acting upon 
them. 



Constructive and 
destructive forces 
affect the movement 
(change) of land- 
masses. 



Organisms are ^ 
adapted by strudture 
and function to their 
environments. 

^ 



Unite 



The motion and di- 
rection of electro- 
magnetic waves are a 
result of forces act- 
ing upon them. 



The behavior of at- 
mospheric masses 
effects change in the 
environment. 



Organisms inter- 
change^ matter and 
energy with each 
other and with 
their environments. 



Unit a 



Matter-whatever 
forms it takes-is 
particulate in nature. 



Organisms in great 
variety are distrib- 
uted in a variety of 
environments. 



Mass-energ; 
conserved. 



.UnitE 

energyis 



Combinations and 
recombinations of 
atoms are the results 
of the behavi(J^f of 
outer electrons 6f ^ 
the atoms. (la chem- 
ical change, rtuitier 
is neither Created 
ilOr destroyed.) * 



The characteristics, 
of organisms are 
affected by com- 
binations and recom- 
bination^ in the 
genetic code. 



Urtit^ 



Changes in the / 
nucleus of the atcjihs 
result in changes/ iii 
the properties of 
the atotns. (Inytiu- 
9lear change, ^ne 
sum total of flatter 
and energy is 
constat.) 



Modern species of 
organisms are the 
result of spepiation 
(change) through 
the ages. 



i Fig. A horiidntaiiy dmiopad conctptuai structure for ths junior-high-sich^ol curriculum 





senior-high-school years. In junior high school, the following ele- 
ments are emphasized ^ver and above those for the intermediate 
y^ars: , • ; , 

1> More independent laboratory work (clearly the laboratory is an 
integral part of the work, in the junior high school). 

2. Morevextensive reading and emphasis on the, skiUs of using the 
Ubraify. . , ^ i 

3j A variety of projects, providing "routine^ projects for the 
i eonv0ntiondlly gifted and.4ruly^ experimental work for the 
singularly gifted: ' ' ^ I " 

4. A truer attempt at experimental , work fpr the singularly gifted^ 
with all the earmarks of origiiialityi- thusj the arts of investiga- 
tion are learned. (In the senior-hi^-sch6ol years, truly ori^al 
research can be practiced by the singu^ly gifted.) 

A Sample LAP \ ; 

The following example of a LAP (Figure 8) for Jlie^ junior high 
school consists of extensive directional outlines f(ir one aspect of the 
fet^te\ Advisory Committee's'^l^eme F-1, which 'states, "Matter )^s- 
organized into units which can be classified into organizational 
iWels.T^, The exanlple LAP is in ef^feot'a mini-LAP. It is bdsed or 
tV^ foliyving subconcepts of theme F\l ; 

le Earth's (atmosphere is OTgapized into particles that can be 
issified. ' \^ . / ' 

The Earth's minerals have characteristic physicdl proper- 
^ties. V 
2-2\The Earth's minerals ^ have characteristic xhemical 
Properties. ' ' \ ' ^ 1 ^ 

Sfemi)ungVfrom subconcept a-1 above, the Allowing concept 
statement has been derived and used as the basis of the example 
mini-LAP: th\orderly arrangement of atoms, ibns, or mdl'ecules that 
make- up a cry^al determines the forrh pf th e crystal, J 

-In the mini\LAP that follows, directions are for the student* 
Cortiments for the^eaeherare interspersed to aid in developing LAPs 
for. the junior high school. It is of interest to note at this point that a 
complete LAP for^ the junior hi^ school. is approximately 6,000 
words long (about 32 double-spaced pages). The following mini-LAP 
is' not a complete LAP, but it ddeS- indicate how a LAP can be 
developed. • y 

^^Science Framework for California Public Softools: Kindergarten- Grades One Through I 
Twelve. Prepared by the California State Advfsory; Committee on Science Education. 
Sacramento: California State Department of Education; 1970, pi>^ 3^, 100, and lOv. , 
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The Crystaiiin* State 



'J 



'alfijfc 



(LAP 17,. 



.School) 



Intratfifct/o/f 

Ypu are an inhabitant of the planet Earth. You are iiiot a Martian nor an 
inhapitant of Venus. Could you prove you inhabit Eirth? HdW? (This is an 
interesting question, and you may waint to look into it.) ^ i 

t. First, what dd you know about the Earth? Could you describe it to a 
! Martian if ont visited you or 'you visited him? What would you say? 
You may Wai^to review your notes for your work in L^P 15 (The 
Earth) and LAP 16 (The Rocks of the Earth). Or perhaps you wou^ 

likeXcx revievvpag^s.., : in your basic text or one of these books: T 

HTEA^ER-'Prtivide at leMst three refamnc^^ f j?) 

After youlare satisfied that you know how to describe your £arih 
ancj its majjjbr forms^mouptains, oceans, seas, rivers, the "major 
^ It is meant by the "crystalline state." \ L 

2. For |his stui y, you wi|l\want to grow several kinds of crystals. Pwn 
yourivprk s > thbt as you Wow your cry^als, you will be^jeadlng abdi^t^ 
the nature o '• crystals. TheWowing of a crystal may/ take^'two days ^ 
week. Wan y Dur time carefully. A few suggestions may be in order. . | 

a. ^surs you have your\apparatus and materials. For Example, you 
wirt^ nc ed jars to grow your crystals and substances such as copper 
sulfate] and potassium aluminum sulfate (alum). You may want to 
grow sugar crystals. , ^ ' \ \ 

b. You ijnay want to plah your work with\the help of your 
consultant. In any event, you are to be ak^le toNhow your 
consultant a crystal you have grown and to explain how\ou grew 
it. [TEACHER'-The teacher Is the conisujtantj . \ 

c. In addition, be certain to do the apprentice investigatibhs on 
pagesJ_and o| your text, ^ 

\ d. Some refert^nces yoy may want to consult on the growth ^fi 
' crystals are thJjse; \ ^ 
1. Pough, Frederick ^. A Fietd Guide to Rocks and Minerals. 

Cambridge, Mass.: Houghton Mifflin Co., 1960. 
V 2. Hblden, Alan, ahd PhyJis Singer. Crystals and Ctystal Growing. 
\ Garden City> N.V;: Doubleday and Co., Iftt., 1960- 
' Pough's book is one df the more useful references. (Of course, by 
now you know that you are to begin all reference work by 
I consulting your basic texts or'any other basic reference suggested 
by your consultant.) 

3. When yoq have grown a crystal and when you /have tested your 
Understanding of crystalline structure and growtn by taking self- 
appraisals 19 and 20, go on tastep4. (Be sure you make an appointment 
with your consultant to take these tests.) [TEACHER— By this time the 
^students will be quite clear In their understanding ^that"" the self- 
af^ralsals are for their guidance and that there Is no point /n'sllghting 
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/rM in yvhich their knowledge is not secure. Many times students go 
.^k to r^iew further end esk to take the seif-eppreisai again.] 
Ndw perhaps-if you are Interested in doing experimental work with 
cry stal^v-thi^ .section is for you. If not, if you wish to proceed-to the 
next LAP (The -iDnIc State), arrange with your consultant for an 
interview on your\progress. [TEACHER-At this point, students 
}Mrking with a LAF may come to the consultant for an interview^ 
appraisai. in one schooi, the interview-appraisii is conducted as foiiows. 
Students have avaiiabie to them several files W car^s with questions 
(recall, analytical, problems, formulas, item n^kitia, reasoning, and 
concept analysis). A number of the cards contain\p0r:^ data and 
items concerned v\/ith methods of intelligence (inquiry processes). These 
files may be studied at any time. During the intervie\'if-appraisal, the 
student may be asked to select e card at random and answer the^ 
question.^ Thus, concept-seeking and subject-matter competence 
under constant scrutiny.] 
for die investigator \ 

These investigations are on your own. Follow the laboratory prM*dures In 
LAP^l, whicK include developing an experimental design, presfrtiting your 
experimental design to your conlitiltam, getting approval, ordering equip- 




\ 




^ment, and so forth 

Projects ' ^ 

1. What is the smallest crystal of copper sulfate or^tassium aluminun/ 
sulfate you can maKe? / 

2. Many years ago, crystal radios were made. Whijtf is a cry$|tanradio? Kbw 
does the crystal work? ^ 

pjiperlmental designs ^ \ ^ - 

You will recall that one of the major advanl;A|tfs of working inde^endehtly 
through the Learnlng\Activity .Package is plfifning and prosecuting at leist 
oni? experiment or original investigation irvmy year. The arts of investigation 
are learned through engaging in fairly origifhal investigations. 

If you have not already made you^^lection from the list suggested, you 
may want to do so now. W you ar^^eveloping an experimental design with a 
scientist outside of school, plea$|<^ certain to Inform the chairman of your 
Investigator's Group and your ^pl^sultant. 

When you are fairly cjrftain of Vour results, present them to your 
Investigator's Group. If yiur investigation holds up to the challenge of the 
analysis of ypuf group^u may want to present your paper to the Monthly 
ScSence Cor^gress. Y<iur consulUnt will arrange 4his. [TEACHER-Each 
student has 'the advjce of his Investigator's Group (five students). The Science 
Congress is a meeting of die entire class for suite) at which the student 
"investigators prj^nt papersi] 

• With you/consultant's approval, you may organize team research over a 
period of a^tar or more. 
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Evaliifting Sti^nt Prograss \ . ^ 

if childreA do the learning, tlirougli tlie cunicular module of a 
LAP, if. it is they who do the responding, and if it is they who are 
engaged in acqViring tlie skills of interdependence and independence,' 
then tlieir acts give constant opportunity for evaluation of their 
growth. \n other\ words, the children "test" themselves each day by 
their own\perforiAance* , 
In obsemtions of children learning by means of the LAP and 
^ similar Mevlces, it has been found tliat self-evaluation and oppor- 
tunity for more ' or less objective evaluation by the teacher is 
constant. Fujrthermore, not only is subject-matter competence 
evaluated, but also growth in tlie utilization of the meth(^ of, 
intelligence (inquiry processes) is part and parcel of the appraisM. 
For the student is constantly at work, truly "learning by doing." 

Of course, standard tests for comparing achievements may be 
dft^irable/ and written \tests may be useful for helping children 
V deficrmme their own progress. The ^^fted have "prodigious memories 
\and analytical qualities, and grades are reaffirmations of Icnown 
ybility'* Gifted stu deists, make higli grades easily; their base grade is 
'^^ually A-. If their gr^de is less, students should not be in a class for/ 
the gifted^ unless they are |iotentially gifted cliildren who need time 
'id opportunity to developf background. 

\Acliievement per se ^ not the sole, nor .possibly the most 
imjjortant, elfepient in the development of ego strengtlt and self- 
esteem. Stanley Coopersrtiith considers the elements that underlie 
self-esteem to be'tjie following: 

1. Bignificancc^^ceptance, attention, and affection of otliers 

2. Power-ability tci influence others 

3. Vutue-i?ossessionvof moral and etliical standards 

4. Cbmpetehce— succeis^ful performance in meeting the demands 
for acliievement^^ 



The k^nd of program recommended in tliis publication is based olh 
tlie mutuality of interdependence and independence and engenders 
an envuronment in which comt?etence, power/ vuture, and signifi- 
cance are nurtured. The buildinfr^of self-esteem in the gifted Js the 
aim of noqrisliing their potential in ^uch a program. 

To illusirater tile inadequacy, of g^^ing, t)ie^ following example of 
student wOrk is presented. , To liave to decide on a grade for the 
student's acihievement would be at best iin arbitrary and/or perplex- 
ii^gtask. . 
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and Co., 1967, p. 38. 



Stanley COopCramiijl, The Antecedents of Self-esteem, l ^anciscoi W. IL I'rccman 
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km/ (age 14 years 6 months) noticed a few smallv beetles in a sack of 
wheat flour her mother had brought homp. She identified Ihem as Tribolium 
* confu^um; she decided to grow them. She assumed that the flour .giust be full 
y of the fggs of the beetle or that there were females with eggs. In six i^ionths, 
i the meal was rich in the beetles; her assumptions were apparently correct. 
\ ' On examining the beetles with a hand lens, she found some with 
Vabnormalities, e.g.y an extra appendage. She tried to produce more abrtor- 
Vnalities by various devices, including warmth, cold, li^t, and 'agitation. 
Agitation was most effective. * 

\ By consulting with scientists, and ftirough her own well-designed experi* 
ments, she hypothesized that when the beetles are disturbed, a gas is 
produced ^by the beetles. This gas pfoduces abnormalities. What grade does 
one ^ve such a student? ^ 
■ ■ ■ \ 

SeniorJligh School Science Curricula 

Present curricula in the high school are usually based on a cdurs^ 
module; that is, courses such as biology, physics, and chemistry i&e 
the basic modules in the curriculum. For the gifted, this may not be 
the choice curriculumf A curriculum for thp gifted might be better 
based on a consortium module, which has the 'following basic 
elements: 

1 • A consortium of individuals from university, community, and 
high school to plan for the gifted 

2. k curriculum that is the result of the planning of the 
consortium and that is planned for a particular cadre of gifted 

3. A series of learning activities (Learning Activity Packages) and a 
body of researcli activities from which research problems are 
derived - ' ' 

- The model Learning Activity Packages developed for the interme- 
diate (grades four tlirougli six) and junior-higli-school years indicate 
how a consortium can plan somewhat different course modules."* ^ 
Hie choice of approach depends on the population of the school and 
on the life-styles of * the teachers, supervisors, administrators, and 
community. As the California State Advisory Committee on Science 
Education suggests, it is the teaching staffs that need to decide which 
variety ' of. curricular modes (or combinations of curricula) and 
apprbaches to instruction provides the widest base or orchestration 
of experiences. * - 

A curricular and instructional mode that fosters the skills of 
interdependence is, for the gifted at least, nonfunctional unless it 

^^I-or the model intermediate LAP. i!cc\/PauI F. Brandwcin, Teachinn Gifted Children 
Science in OradesfOne Through Six. Sacramento: California State Department of Education, 
1973, pp, 51 -7. 
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ajso' fosters the skills c?f independence. Furtliermore, any curricular 
mode selected as usefuf in a pro-am for the gifted should support 
acceleration and/or enricliment in^a variety o^ administrative forms; 
Lc, in graded or nongraded (cojitinuous progress) organizations of 
schools. The gifted can proceed at tlieir own rate, and a nohgraded 
program, where feasible, serves tliem well. 

In the liigli school, provision needs to be made for both the 
conventionally gifted and the singularly gifted. Tliis distinction 
needs making, for the singularly gifted may require greater freedom. 
The conventionally gifted may be those whose range of accomplish- 
ment is liighly commendable, but theirs may not ever be original 
work. They may not ever be contributors of new knbwledge. The 
singularly gifted, dn the other hand, are unique. Tlieir work is 
idiosyncratic, and, if properly nurtured, it is expected they will make 
oriipnal contributions. 

Creative or new work is of at least two kinds. It may be new to the 
individual and.to the class and to tlie community, or it may be new 



remarkable, laudaWe, and admilable. Nevertheless*, their future is ' 
generally in new Orchestrations if the known. The singularly gifted 
broach and breach the unknelWn. Of course, whether work is 
considered original or not depends on many judgments of the 
progress in growth the child makes. One may be satisfied with^what 
is considered original (that is, new to the child and the school) but 
not new to science. 

At least two approaches in the uses of the curriculum are possil)le: 
(1) acceleration and (2) enrichment. It is probable that in mhigjii 
scjiQol acceleration can presently be provided mainly tlirougli the 
L(|aming Activity Package rather than nongraded mstruction per se. 

Tl^e curricula that are the orchestrations of legacy and adventure 
^are hierarclii^s . of concept-seeking patterns. For gifted cliildren, 
hiera«Jliies and intellectual orchestrations break down, pven the 
most explicit curricula and liierarcliies are in truth milieus in which 
the gifted iliild roams and jumps Npredictable sequences. For the 
gifted pliild, a curriculum of concept-tseeking patterns is mainly and 
merely, a taxonomy of cognitive tool^j. It is a map that enables the 
teacher to plan a course, but, in the *end, it also is a tool tlirou^i 
which the teacher and the gifted child's peers communicate with him 
and understand liim. 

A concept cannot be divorced from the processes that give it life^ 
A concept cannot be told to cliildren. It comes out of their activity, 
some of which is inquiry orien^d. But all activity in the classroom is 
not, and cannot be, inquiry process in the sense of experimental 
inquiry. Concept seeking is inquiry. Recall that Bridgman, a Nobel 




conventionally gifted may be 
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laureate in physics, insists tliat a *'i:oncept is synonymous with the 
co^responduig set of operations."^ ^ Clearly, then, one should not 
separate x:oncepts and inquiry processes; they are two sides of the 
same\coin, two. faces of unijied activity in thouglit, a single result of 
"scien^ng/^ . ' ■ 
» What ^ihe gifted need is to acquire a life-style in their own tliinking 
and work, a life-style that from the viewpomt of the mtellect 
embodies the overwhelming desire to tlefeat one's own liypothesis. 
TliiS'is recognized to be a bejiavioral objective of instruction for all 
children, but it is critical for the gifted, whose hypothesis may be 
central to the advance of knowledge. It is for tliis reason that in the 
liij^ school," part of a curriculum for the gifted should encourage 
research in the truest sense; gifted students should do a bona fide 
experiment or original investigation. Tliis iesearch can be accom- 
plished in either of two curriculum modules, a course module or a 
cpnspttium module. , ^ 

The Course Mo4ut^ d 

In the higli school, the traditional curricular module, even for the 
gifted student, is the course. As, has been indicated, in recent yea^ 
federally funded committees^ave develpped course structures ih 
biology, chemistry, geolog/ (earth science), and physics along 
conceptual lines. The traditional course sequence is still biology in 
grade ten, chemistry in grade eleven, and physics in grade twelve. In 
other sequences^|)iolojgy and/or earth science are given in grades nine 
ard ten, followe#*y chemistry and physics.. 

lUsually , for the gifted, the biology course is Biological Sciences Cur- 
riculum Study (B^CS) biology.'*^ Chemistry is the course developed 
by the Chemistry Education Materials Study (CHEMS).^^ (There are 
very few Chemical Bond Approach [CBA] courses given.) Physibs is 
the course of the Physical Sciences Study Committee (PSSC).^^ The 

E5rall struct*e of BSCS biology is biised in part on the following , 
nceptual tMsmes, wliich are related to the California science 
me work: ^ ft 
• 1 . Organisms are interdependent with each' other and with thek 
environment (theme G-2). 



^^Pcrcy W. BrWjiiman. The Logic of Modehi Physics, New York: Macmillan Co., 1927. 

p. 5. y ' 

^^Sce footnote 16 concerning BSCS biology courses. 

^^Chmistry: An Experimental Sciencut Ivdited by George C. PimcntcL San Francisco: * 
W.H.l-rceminandCo.. 1963. ( 

^^Uri Hagcr-Sdialm and Others, PSSC Physics (Third edition). Boston: D.C. Heath Co., 
I97I. .r. 
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2. Organisms arc tlie product of tlieir heredity and environment 
(themes F-1 , F.2, and F-3). ^ j / 

3. Modem organisms are the result of development ov^r p;ist ages 
(tliemes F-1 , F-2, and F-3). 

4. Structure and function are often interdepeiident (theme F-3)/ ^ 

The overall structure of CHEMS chemistry is based in part on the 
following jconceptual tliemes: 



1 . Matter is composed Jbf particles wliich are in constant motion 
(tliemeC). 
* 2. Units of matter interact (theme G). 
3. Matter and energy are manifestations of a smgle. entity: tlieir 
sum in a qlosed system is constant (tlieme E)/^ 

Tlic overall structure of PSSC physics is based m part on tlie 
following conceptual themes: 

1. Matter and "energy -are manifestations of a smgle entity: their 
sum in a closed system is constant (tlieme E). 

2. Tlie bases of all interactions are electromagnetic, gravitational, 
and nuclear forces whose fields extend beyond the vicinity of 
their origins (theme G- 1 ).^ ^ 

Laboratory work (rich m potential for individual effort), field 
work (rich in individual research problems), and mathematical 
analysis (rich in potential for synthesis df concepts) are pervasive 
through tlie courses. ^ ~ 




In current practice, most courses are centered xjn jhe teag >fer*s 
ef torts, rather than on the student *s. Tlie^ teaclieT syntiiesizes, 
presents, and clarifies; the student is often passive; In other j«Ofds, 
tlie teacher essentially lectures. Whether the course module or the^ 
consortium module is used in the higli school, emphasis should be 
put on the skills of independence. The method that appears most 
useful is the Learning Activity Package (LAP). 

" Gifted students in science (who are usually gifted in mathematics 
as well) can take a sequence of physics, chemistry, and biology, 



Science framework for California Pitbiic Schoois: Kindergarten (Jrade$^ One Through 
Twelve. Prepared by the California State Advisory Committee on Scicrice liducitlon. 
Sacramento: California State Department of Education. 1 970, pp. 34 and 99406. 

^^/WJ.. pp. 34. 94-99, and 102-108. 

^'^ibid,^ pp. 34, 97-99, and 103-104. 
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rather than the usual sequence of biology*, chemistry, and physics 
(Table 2). it seems reasonably clear that chemistry uses* concepts » 
basic in physics, while biolQgy uses concepts basic in physics and 
chemistry. Further, it is expected that liigh-school work for the 
fffted will be closely articulated-and based on work in the areas of 
life (biology), matter (geology and chemistry), and energy (physics), 
and that the courses will receive mathematical treatment. 

a . Table 2 

^ Suggested Course Sequence for the Science Curriculum 





Course Sequence 


^ Grado 


Gifted 


Other students 


10 


Physics--highly mathematical treatment 


Biology ^ 


11 


Chemistry-based on physics, with con- 
comitant mathematics 


Chemistry 


12 


Biology abased on physics and chemistry, 
^yith concomitant matliematics 


Physics 



NOTES: Required mathematics, can be given concomitantly with tiie piiyiics courie for 
gifted. Preparatory mathematical work can begin in gr^de Kven. In grado ten, gifted 
students can do caicuiui. , ' ■ 

Students in the "other studenti" category often do not complete the ehiUo course Kquence. 
The majority do not take ciiemistry and physics* 

r 

The Consortium Module ^ * 

The course module is the currieular device most commonly in 
operation in the United States, even for gifted and slow students. 
The advantages of the consortium module are tliat it makes optimum 
use of resources of the community and is more facile for planning for 
the idiosyncratic nature of the gifted. As, observed in operation in 
one locale, the community resources of the consortium included the 
following: 

1. University, and college representafjives from physics, chemistry, 
biology, geiology, psychology, and i^ducation departments 

2. Community\Tepresentatives from engineering, medicine, and 
industry \ ^ 

3. Higli school science and mathematics staffs fkf 

4. Assistant principal and/or curriculunirdirector 

5. Assistant superintejident of instruction and j^mhors' of the 
Board of Educations ..- V 

6. Members of the press. ..^-^^^ 



ERLC 



Tlie responsibilities and functions of the consortium organization 
in tlie ejcample being cit?a were the following: <' 



1 , Higli ^hool staffs 

a. To develop assistance of otlier members of tlie consortium 

b. To develop general eurricular and metliodolo^cal policy, 
including (i) structure of the curriculum, <2) nature of 
instruction, (3) nature of evaluation, and (4) special metliods 
of instruction for individual students . 

c. To design special facilities and, wlien necessary, develop 
instructional materials 

2. College and community component 

a. To make available special facilities and equipment such as 
• hospital, college,, and industry l^oratories and libraries 

b. To make special guidance available to gifted students 

After a series of meetings pvejr a six-montli span, the consortium 
organization made tlie following decisions: 

1. The biolo^cal science course was to be basically tlie BSCS blue 
version (^ith sfrbng emphasis on molecular biology). The 
biologj^fcourse was to be matliematically oriented and based on 
Learning Activity Packages. -h*, , ^ 

2. A two-year physical science course cbmljining physics, cliemis- 
try, and geological physics should be given m grades eleven and 
twelve. This course should be based on. Learning Activity 
Packages. At least tlwee of the Leammg Activily Packages 
sliould Juiiclude' Aspects of biochemistry and biophysics (these 
"biologicar* LAPs deal with inquiry systems, photosyntliesis, 
and molecular biology). v 

3. At least one experiment, preferably two, was to be designed by 
each student in research science. Research science was to be 
open to any student with a B average in all subject areas.and 
with a percentile score above 90 in a standard test m verbal 
and mathematical reasoning. Other students could enter 
research science (whatever their records of acliiCvement or 
scores on tests) upon recommendation of a panel of science and 
matliematics teachers (mcludmg a guidance counsellor). Tlie 
research problems in biology were toT)e based on tlie BSCS 
publication Research Problems in Biology Problems in 
physics and chemistry w^r^^ to be developed in consultation 
with the univers|ty and college members of the consortium. 



biological Sciences Curriculum Study, Research Problems In Biology: InvestigationM 
for Students, dardcn City, N.Y^f Doublcday and Co., Inc., 1963. 
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!rhc consortium did not base LAPs on preexisting courses but 
syiiithesized its physical science course. For example, while PSSC and 
CHEMS courses were used, some LAPs were also based on Harvard 
Project Pliysics/^ Further, fte consortium was able to convince the 
administration'' (including the Board of Education) to institute 
modular scheduling-permitting a variety . of time schedules fpr 
instruction^ Thus, there could be lectures (SO minutes), double 
laboratory periods (120 minutes), discussions (45 minutes), planning 
pcribds (30 minutes), and so forth. y 

Tne. cons6rtium was able to raise - funds tlu'ougli industiy to 
advance the library fund, the fund for a^diovii^ual aids; and for 
equipment. , , 

Tl|ie consortium provided special seminars in* which gifted students 
met iscientists at work. Tlius, students had^ greater opportunity - to 
meet 1 the surropte figure, the key figure who is so important to ihe 
potential scientist. Tlie gifted * students were also^ able to develop 
-insigltt into the ways of the scientist*, into the diaracter and 
comn^itment of those who probe tlie universe. , ' 



^^G. Holton and Oihm,^y7te Project Physics Course, New York: Ho!l» Rincharl and 
Winston, Inc., 1970. 
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Epilogue : 



Scientists have a commitment similar to that of teachers. They are, 
in a sense, immortal because their work is (Eternal/ Just as a teacher 
lives. in the students who have accepted liis life us mode aM models 
so the work of the scientist lives on in the continuity of tlie work of 
those who come after liim. Moreover, science, like tcaclung, like the 
yninistries of -scholarsliip, does not fatigue tljosfc who are committed 
to it. SciencQi like -teacliing, is an act of cbnscience. And like 
teaching, it is supremely a moral response to the questions of life. 
Tlie gifted student, once scientist, has not only informed liis 
conscience bu£ hiformed the world. 

For tlii^ purpose, it is not enougli to develop a curricular scope 
and scqueiiice that promotes intellectual development confined to 
noimal exifectancy and tliat is graded in the usual Vay. Wliat is 
needed is^a curriculum that promotes and catalyzes tlie 
activity of tJliildren. Cumulative records describing kixids of activities 
of gifted students are significant; in tliem, the present grading 
systems are found to be totally inadequate. For the aim for tlie 
gifted is superordinate: to develop independence of grading and 
appraisal by others and to stimulate selif-appraisal and the develop- 
ment of self-esteem tlu^ougli independent, idiosyncratic activity. » ^ 
' However, on^ independent activity is encouraged. Instructional 
problems mav occur since cliildren engaged in independent activity 
probe^ their^own personalities to tlie limit. Even as- tliey are 
idiosyncmuc, origuial, and independent, tlie gifted must be tauglit to 
"suffer^* intellectual constrahits and restraints. The gifted, Jiaving 
chdsen tliek parents properly, tend not to suffer restraint gladly. But 
tlie ^liild needs to learn humility and to learn it through example; 
wlikit the teacher does speaks so loudly, the cliildren cannot hear 
' what sjlie says. . . 

tlie teacher needs to play the role writtl5n in tlie single behavioral 
objective, .wliich undergirds the methods of intelligence; The behav- 
ioral objective is tliis: between imputf^e and -action, to interpos^ 
evidence, reason, and judgment.^ ^ TiiiUs tlie jirime objective o^' 



*®Paul I'. Brandwcin, lite Pernvtnent Agenda \of Man ""The Hwmnities. New Yojfk 
llarcourt Brace iovanovlch, Inc., 1 97 1 » p. 49. ' 
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science teaching. It has televance and power and meaning for human 
endeavor. * ' 

Imagine a world in which evidence, reason^ and judgment ^i&Duld be 
the tribunal to which personal behavior is brought. Jmagine 
individuals reducing * compylsiveness - and the reflexive action of 
prejudice and hate and substituting compassion in theij- place. 
Imagifie the children conmig out of our sd^^ls interposmg evidence 
between impluse and actiori. What a reasoi^He world this would be. 
And a compassionate one. ' * ' 
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